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PREFACE 


The theme of the study is human ecology. It is a branch of 
ecology which studies relationships between organism and his 
environment. It is а comparatively young branch of knowledge, 
There have not been many studies on the concept of human 

` ecology within the framework of ecology. 


The term ‘ecology’ was coined by Ernst Haeckel? in 1869. He 
defined ecology as the total relations of the animals to both its 
organic and its inorganic environment. It was generally felt that 
this definition leaves out little what is not ecology. 


Since Haeckel, many authors have defined ecology in various 
ways. They all are unanimous in the opinion that ecology deals 
with the interactions between organism (or organisms) and his (or 
their) environment. Early authors emphasised on the structure of 
the relationships while the later authors showed greater concern for 
the functioning of these relationships. In the middle of this 
century, it was realised that both the structure and the functioning 
of the relationships are important in the understandin £ of ecology. 


The first comprehensive definition of ecology was given by 
Eugene Odum? in 1962. He defines ecology as 'the study of 
structure and function of eco-systems.’ 


Apparently eco-system is the fundamental unit of study in 
ecology. The term was coined by А С. Tansley? іп 1939 to express 
the sum total of organisms and their physical habitat. 


A more generalised definition. of ecology was given by 
Margalef* in 1968. He defines ecology as “the study of systems at 


Haeckel, E., (1868), Quoted by A. Hawley in Human Ecology, 1960. 

Odum, E.P., (1962), Fundamentals of Ecology, Philadelphia, Saunders. 
Transley, A.G., (1939), The British Islands and Thei Vegetation, London, 
Cambridge University Press. : 4 

Margalef, R., (1968), Perspectives іп Ecological Theory, Chicago, 
University of Chicago Press. . 
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a level in which individuals or whole organism may be considered 
elements of interaction, either among themselves, or with a loosely 
organised environmental matrix." He adds further that systems at 
this level are named eco-system and ecology of course is the study 


of eco-systems. To understand his definition, it is necessary to 
know what a system is. 


Chorley (1968)? defines a system as ‘a set of objects together 
with relationships between the objects and their attributes’. This is 
further corroborated by Harvey? who points out that a system has 
three components : (a) a set of elements identified with some 
variable attributes of objects ; (b) a set of relationships between 
attributes of objects ; and (с) a set `of relationships between those 
attributes of objects and environment, (p. 451). 


Thus, ecology is the study of a particular type of system, 
called eco-system whereas human ecology is the study of an 
eco-system where at least one of the component is man. The 
components have functional links provided by some form of 
energy processed by man and form sub systems within the high 
order system of an eco-system. It is customary to name the 
eco-system after the locational framew ork, i.e., static habitat of the 


environment such as ‘Khadar Eco-system' of the Khadar 
environment. 


Itmay be pointed out that the human ecology has been 
described in great details by Mekenzie? (1959) and Amos Hawley? 
(1960), but their definition is one of the partial definitions before 
Odum synthesised the various aspects of ecology. It is restricted 
to sociological point of view and is not broad enough to include 
other sciences, such as geography The definition of human ecology 
given above is broad enough to provide paradigm to all subjects. 
including geography. 


All branches of ecology have hierarchical organisation based 
on the level of study of the organism in question. Generally, four 


Chorley, R.J., and Haggett, P. (eds.), (1968), Socio Economic Models in 
Geography, London, Mathuen. 

Harvey, D., (1969), Explanation in Geography, London, Arnold. р 
ма (1959), ‘‘Ecology, Humun”, Encyclopedia of the Social Sciences, 
V, 314. 

Hawley, A.H., (1960), Human Ecology : A Theory of Community Structure, 
New York, Ronald Press Co. 
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levels are recognised, organismic or individual, Population, 
community and eco-system level. Organismic level concentrates on 
individuals, population level on aggregates of undifferentiated 
individuals and community level on the differentiated populations, 
Eco-system level is the highest level. Though each level is an 
aggregate of a lower level of organisation, it also has some 
attributes exclusive to it alone. Apparently, a higher level study is 
not possible without a lower level study. However, geography is 
concerned with the aggregates and the higher levels as spatial 
patterns and processes have clear expression by way of a group 
rather than as individual's actions (Klausner).? 


Any branch of ecology can be approached by using (a) 
eco-system approach, (0) habitat approach. The study of ecology 
in the field adopts habitat approach. It makes all possible 
measurement for all the required variables of organisms and their 
environment. It also determines the exact relationship between the 
organisms and their environment. Once the exact relationships have 
been developed, one proceeds to eco-system approach organising 
the study of the organisms at individual, population, community 
and eco-system levels. Accordingly, one determines the structure of 
relationship. It connects a lower set of organisms and their 
interrelations and interrelated environment to a higher level. Each ` 
level is called a trophic level. Thus, while habitat approach deals 
With structure and function of relationships at one trophic level, 
eco-system approach connects one trophic level to another. In terms 
of the systems analysis, sub-systems are studied inductively as 
independent systems in the field using habitat approach while 
eco-system approach is used later to link sub-systems deductively. 
Apparently, initial study in ecology would use habitat approach 
and once all the components of environment are fully understood, 
they are inter-connected using the eco-system approach. The study 
uses habitat approach starting with the population level, building 


up the Khadar-eco-system at the end. 
C. Mumtamayee 


9. Klausner, 5.2., (1971), On Man іп His Environment, San Francisco, Jossey- 
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1 
The Introduction 


1. THE DISTRICT 


The rural ecology of the Khadar tracts studies а human 
€co-system confined in Meerut district. It is located at the western 
Margin of Uttar Pradesh. The State of Haryana with Rohtak dis- 
trict and Delhi form the western margin of the study area (Figure 
14). Barely 200 kilometres north are the Siwalik foot slopes of 
Saharanpur with intervening district of Mazzafarnagar as the 
Northern margin of the study area. Bijnore and Moradabad in the 
€ast and Bulandshahr in the south, both in Uttar Pradesh, are the 
other bounding districts of Meerut. The study area comprises of 
the tehsils of Baghpat, Sardhana, Meerut, Mawana, Ghaziabad and 
Hapur.: 


The district has well identifiable boundaries in the east with 
the river Ganga and іп the west with the river Yamuna (Figure 
l.l) The Ganga and its main tributary, the Yamuna, are the 
Perennial rivers originating from the glaciated Himalayas. Flow-. 
ing roughly along the eastern boundary of Baghpat is the Hindan. 
Originating from the Siwalik foot hills, it is one of the minor tri-- 
butaries of the Yamuna and is the third perennial river of Meerut 
district. The three perennial rivers form the flood plains as three: 
Khadar tracts which collectively form the study areas of this. 
Study, 


2. THE STUDY AREA 
As seen in Figure 1.1, the Khadar tracts of the study area. 
form elongated strips at eastern and western margins of Meerut 


1. Recently Ghaziabad and Hapur have been separated to form Ghaziabad: 
à district, 5 
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district with Hindan strip in the western-central position. The 
eastern Khadar strip of the Ganga is linked to the district head- 
quarters of Meerut through highways of Bijnore іп the north of 
Parikshatgarh in the centre; and of Shahjahanpur- Garhmukteshwar 

_in the south. Parikshatgarh highway provides the shortest linear 
distance between Khadar and the district headquarters, linking 
such villages as Kishoripur and Mamipur (Code numbers G-069 
and G-064 in Figure 1.1).? Meerut-Bijnore highway has a diversion 
through Mawana entering the Khadar strip at Hastinapur. This 
road runs through the villages ofthe study area running north 
from Latifpur (Code number G-046 in Figure 1.1 and Appendix 
A). The diversion is not marked on the map to avoid ambiguity 
with the village boundaries. Garh highway through Shabjahanpur 
provides the longest distance between the Ganga strip and Meerut. 
Garhmukteshwar islocated on National Highway, NH-24, linked 
to Delhi via Hapur, Pilkhuwa and Ghaziabad with broadgauge 
running paralled to it apart from a road to Bulandshahr in the 
south, SH-18. 


The Yamuna Khadar in the west is linked to Meerut at Bagh- 
pat in the centre (Figure 1.1). Delhi-Saharanpur national highway, 
NH-57, runs north of Delhi border through or along the Khadar 
with its node at Baghpat. Running parallel to itis the narrow 
guage railway line. The northern. Yamuna Khadar is connected 
to Tanda (Code number Y-001, Appendix A) at the terminus in 
the north-west and Baraut in the east moving further to Sardhana 
to join Meerut-Muzaffarnagar road, NH-45, and the railway line 
highways. The Hindan Khadar in its southern extremity is criss- 
crossed by highways from Delhi running north, NH-57 and NH- 
45, and east, NH-24, with additional Meerut-Baghpat road in 
the north and Surana (Code number H-039)-Muradnagar road in 
the centre and State highway-22 to Bulandshar in the south. Smaller 
roads link the Hindan Khadar to urban areas of Aminnagar Sarai 
and Khekra towns of Baghpat, Rasulpur Dhulari town of Meerut 
and Modinagar of Hapur. 


Thus, the three Khadar tracts form peripheries of a large net- 
work ofa circulation system centred at Meerut and Ghaziabad 


2. Appendix A for village names and their code numbers. 
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with a still larger node at Delhi. Each Khadar, i.e., Mawana-Bijnore 
road (Figure 6.2). There are other roads that run from Mawana 
entering the Ganga Khadar at Mukhdumpur (G-062), Kishoripur 
(G-069) and at Abdullapur (G-128) terminating in the valley flat 


of the Ganga. 


The Ferries and Boats. provide link in the circulation lines 
interrupted by some obstacles, viz., wet or inundated area. Boats 
keep to riffles of a channel (Chapter П) to avoid the risk of running 
a, round in shallow water and making use of the natural transport 
ofenergy. Ferries ply in deeper water. The points connected 
by ferries or boats result in inter-actions of man located on the 
two sides of the channel. Boats ply in the areas of less frequent 
interactions than in the case of ferries. Boats, therefore, can be 
seasonal: ог have less frequent service while ferries have more 
regular service. Small boats are used for relief and rescue of man 
marooned in the inundated areas of the valley flat subsystem. On 
the other hand, ferry service may be abandoned when water level 
increases in channel. The areas having boat and ferry service 
change with each dislocation in meander loops. There are few 
ferries across the Ganga as the channel has shallow areas of bar 
deposits or islands in the various meander loops. One such ferry 
Point is shown east of Khanpur Garhi (G-087) across the Ganga 
in Figure 6.1. There аге many such points along the Yamuna dnd 
the Hindan through the Hindan-cut just north of Ghaziabad town. 
The channel nearly dries out south of the town and joins the 
Yamuna south of Ghaziabad tehs!I. These Khadar tracts provide 
a fixed locational framework, also called static habitat, as a home 


for man in the Khadar eco-system. 


e district forms the western margin of the 
f India. 


ct. 


The study area of th 
Ganga drainage system flowing over the northern plains o 
The Sutlej-Indus water dividelies to the west of Meerut distri 
General elevation of the district is between 200 to 300 metres. It 
has a primary north-south slope along the Ganga and a secondary 


West-east slope towards the river. 
The uniformity of slope is interrupted by small local basins 


and upwarded areas. The largest structural basin lies in the 
South-western part of the district covering the interfluve of the 
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Yamuna and the dried Hindan. A major area of upwarping® 
occurs at the central part of the Ganga Khadar (Figure 2.5). The 
channel runs north-south till the axis of upwarping blocks its way 
forcing it to curve slightly eastwards. The upwarpings have- 
caused escarpments in this рагі of the Ganga drianage system. 
These escarpments are generally called Khola/Kholi. A channel 
develops braids (Figure 2.5) while negotiating the upwarping retain- 
ing its meander form otherwise. A parallel axis of upwarping is 
located further north which causes entrenchment of the Hindan 
north of its confluence withithe Kali nadi resulting in the absence 


of a Khadar. It extends westwards across the Yamuna with braids- 
north of Baghpat. 


The Khadar tracts form a distinct identity containing & 
Khadar environment within the district. The environment has 
loosely integrated variable attributes. Some of the variables ‘are 
considered to be closely integrated as a Khadar eco-system, The: 
attributes of the eco-systems are outlined below. 


(a) There is the new flood plain along the channels marked’ 
by present or potential inundation associated with channel flow, 
covering the field of fluvial action along with the field of mass. 
wasting. It contains a valley flat with active and abandoned parts 
of channels. It is formed as a result of bank overflows at the time 
of above average channel discharge (Figure 2.2) where river gra- 
dient is less than 1° and local relief along the active channel is less 
than 10 metres. The slope along the Hindan north of the study 
area is more than 1° and local relief is of generally 30 metre where- 
water level rises in the channel at the time of high discharge with- 
out causing the bank over flows, hence no flood plain and Khadar 
tract. Similarly the Kali Nadi between the Ganga and the Hindan. 
isa perennial river with gradient of 2° to 3° and acts only as 2 
natural drain without a flood plain. A flood plain with valley flat 
merges with area of mass wasting. It is an inorganic attribute of 
the environment and forms а Khadar habitat marked by wet and- 


dry niches. 


(b) The periodic inundation from bank overflows keep the 
surrounding areas moist at the wet niches supporting hydro or 


3. Based on interpretion of the topo sheet no. 53 1/1 


‘The Introduction 5 


hygrophytes, largely belonging to family of grasses. Тһе drier 
niches may support the higher life forms, viz., trees, though such 
areas are limited. The dominance of grasses, herbs and forbs are 
associated with grazing cattle. Most of them are domesticated to 
obtain milk and to be used as beasts of burden. Grasses and 
higher life form is cleared in favour of the cultivated plants. The 
plants and animals together form the Khadar biomass. 


(c) Manis dispersed in the flood plain aggregating at the 
drier niches and avoiding wet or partially wet areas. Asa result, 
he forms population clumps above the escarpments at Bangar edge. 
‘Small clumps appear at comparatively less drier niches of a valley 
flat. Population in clumps changes with births, deaths and migra- 
tion patterns. The patterns adjust to the physical attributes of a 
flood plain, viz., meanders of a channel sweeping down stream. 
The changes are rapid and more distinct along an active channel 
than away from it. These attributes of the environment are 
*collectively organised as man at the population level. 


(d) The individuals in a clump are differentiated among 


' themselves by the nature of work they perform, relating them to 


the Khadar environment. Man thus differentiated forms the 
populations where each population is an aggregate of individuals 
With similar attributes. Population interacting with local 
Tesources alone dominate a flood-plain where man is dominantly a 
food raising class at the valley flat. The populations interacting 
With the wider resources base dominate at the edge of Khadar 
habitat. The interactions among dissimilar populations organise 
man at the community level. 


(e) Man along with his belongings locates himself in the 
‘dwellings at the Bangar edge and at the dry spatial segments of a 
valley flat. He interlinks dwellings with the circulation system 
Converging to the Bangar edge in general and the urban centres in 
particular. These attributes collectively form a settlement system 
ОЁ the Khadar environment. It is not only the end product or 
Surface expression of man in the Khadar eco-system but also the 
embodiment of human energy that circulates in the eco-system of 
man in the Khadar environment. 
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Thus, Kbadar tract is a piece of land with distinct habitat, 
biomass, population clumps, community and settlement systems 
as interacting elements. These are the chosen variables of the 
high order system acting as the Khadar eco-system. 


3. THE DEMARCATION 


A Khadar tract with the above attributes can be demarcated 
spatially on the basis of physical and functional criteria. 


The physical demarcation of the Khadar tract is based on the 
inorganic attributes of the Khadar habitat. It covers a valley flat 
along a channel with its banks in the Bangar edge. A channel it- 
self is excluded as it forms part ofa fresh water environment. A 
valley flat is an inundation prone area but the valley banks are 
generally dry and dissected by gullies forming bad lands. Banks 
extend upto the gully heads so that a Khadar tract has the physical 
location between an active channel on one side and the gully heads 
of the badland topography on the edge of the Bangar on the 
other side. It is the inundation prone area of a valley flat along 
with the area directly feeding to the extention of inundation prone 
area at the Bangar edge. Such a demarcation of the Khadar 
corresponds with the colloquial meaning of the word Khadar. 


Man interacting with the Khadar environment is not confined 
to the physical limits of the Khadar tracts. Very often, he is loca- 
ted at the margin of the adjoining environment i.e., the Bangar. 
This area holds a transition from one environment to another 
forming the ecotone. The Khadar eco-system operates with man 
in the ecotone. Assuming the limited resources of an individual, 
the interactions may be considered to be confined largely to his. 
village area so that the functional demarcation of the Khadat 
tract extends beyond the physical demarcation to include territo- 
ries of the villages partly in the Khadar and partly in the Bangar 
environments, Some villages may be located in the Bangar in the 
immediate contact with the Khadar environment but with no terri- 
torial extension into the latter. It denotes absence of the ecotone 


= such Bangar villages are excluded from the functional demar- 
ion, 
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The towns and urban areas located along the channels are 
excluded from the study area even if they have territorial extension 
into the physical limits of the Khadar. An urban area is set off 
from the flood plain through a protective wall, embankments or 
the stretch of undeveloped areas. Thus the administrative area ` 
of a town may cover a part of the Khadar tract but man located 
in an urban centre interacts with the urban environment which is 
dissimilar from the Khadar that is essentially rural. These urban 
centres are Baghpat along the Yamuna, Rasulpur, Dhulari and 
Ghaziabad along the Hindan and Hastinapur and Garhmukteshwar 


(Garh) along the Ganga (Figure 1.1). 


The scope of the study covers the Khadar environment loca- 
ted over the non-urban, rural environment within the functional 
demarcation of the Khadar tracts. It studies the elements of inter- 
action and the nature of interaction of man and his Khadar 
environment forming the human eco-system. It excludes man at 
the individual level of organisation as he is barely different from 
his brethern Bangar man. His identity as Khadar-Man is estab- 
lished only at the higher levels viz., at population, community or 
eco-system level (Klaunsner).* 


4. THE FACTS AND FIGURES 


The facts and figures for the required work are collected 
through primary and secondary sources. The land use data is 
collected at village level from ‘Milan Казга? 1974-75.5 Agricul- 
tural data is collected from the ‘Chittha Rabi? and ‘Chittha 
Kharif’ of the same year. Population data is obtained from 
District Census Handbook, Meerut district of 1951, 1961 and 
1971.6 Some land use data for 1971 is obtained from village and 
Town Directory, Meerut district, 1971.6 The Indian Daily 
Weather Report is consulted for climatic data. Handbook of 
Irrigation in India’ is consulted for some properties of the rivers, 
Soils of India (Ray Chaudhuri, 1966)# and The Upper Ganga 


Klausner, ibid. x 
Collected from the Revenue Department of the Tehsil Headquarters. 


4. 
2 
- The C of India. X VU 2 
1 Ceno oP India: 1971, Handbook of Irrigation in India, Delhi. 


ay Chaudhari, 1960, Soils of India, New Delhi, ICAR, No. 25. 
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Khadar an Interim Report (1973)? is used to collect information 
about soil profiles. 


The facts and figures are very largely supplemented by first 
hand information through field work. General information about 
the area is collected through field work. Detailed information 
about the household demographic and economic structure is 
collected exclusively in this way. Many conclusions regarding the 
habitat and the biomass are based largely on field observations. 


A village or revenue mauza, is the primary areal unit of study. 
There are 268 villages covering the three Khadar tracts. In some 
cases the observations are made at this level and later generalised 
for the Khadar environment of the district. Sometimes а priori 
hypothesis is raised about | some relationships and the particular 
observations are used only to test the hypothesis. 


5. THE METHOD AND METHODOLOGY 


The method of the present study follows a few steps. At the 
“initial stages the concept of ecology was studied in order to draw 
an outline of the concept of human ecology. At the same time 
river and river valleys in general and Meerut district in particular 
were studied through the available published or unpublished 
literature. A working hypothesis of the Khadar eco-system was 
framed. The study area was demarcated and secondary data 
collected on the basis of the operational hypothesis. The data was 
tabulated and analysed. The operational hypothesis was adjusted 


or modified where necessary in the process of working through the 
Chapters. 


Ап intensive field work was done with the revised operational 
hypothesis. Each village was treated as a sub-habitat with the 
“general Khadar environment for the empirical study. A small 
cluster of villages was chosen from the different areas Which 
appeared of a particular type on the maps prepared earlier. Thus, 
clusters of villages from the northern, central and southern parts 
of each Khadar were chosen for field work covering 40 per cent of 
all the villages in the study area. In all, hundred villages were 


9. NAO, 1965, The Upper Ganga Khadar, An Interim Report, Calcutta. 
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‘visited and seventy villages were surveyed, which include forty 
uninhabited villages and thirty inhabited villages. Significantly, 
many villages were found to be uninhabited during the field work 
though were populated during the census count of 1971. 
Apparently the shift from inhabited to uninhabited villages can 
occur within two census years. The sections of the Ganga Khadar 
used for sample study are shown in Figs. 2.4, 2.5 and 2.6. 


About 75 per cent of the inhabited villages that were surveyed 

аге located over the valley flats which cover 90 per cent of the 

. Ganga Khadar and 10 per cent of the Yamuna Khadar. There is 

no populated or unpopulated village located in the valley flat of 

of the Hindan. The percentage of villages surveyed on the valley 

flat to the total number of villages on the valley flat is about 60 per 
cent for the Ganga and the Yamuna Khadar separately. 


The empirical conclusions based on the individual villages are 
synthesised and compared with the operational hypothesis and the 
conclusions are generalised. The generalisations are presented in 
the study іп а theoretical form. The specific cases from the three 
Khadar tracts are presented in the study only in support of an 
argument or as evidence of a logical argument. The theoretical 
presentation is crude as there are many gaps in the information 
resulting from the limited resources of an individual researcher. 
The epitome of the thesis is the model of spatial self-sufficiency 
given in Chapter V that proposes modalities for making an area 
self-sufficient in terms of want satisfaction. 


6. THE PERIOD OF FIELD WORK 


The period of field work bears some significance for the con- 
tents of the present work. Major field work was done from 
October 1976 to March 1977. The work began when people in 
their dirty rags cleared sugarcane fields while trees at the ecotone 
and Khadar stood bare with their gnarled trunks. The field work 
lasted till the villagers got themselves new pairs of clothes after the 
sale of their sugarcane (a cash crop) and mango, luquat and other 
trees started blossoming at the Bangar edge. 


The period of the field study coincided with the emergency 
days. Forced family planning drive was on and people were very 
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hesitant and reluctant in giving the demographic details of their 
families. The muslim villages and the villages close to the towns 
did not give any information at all. This was also the time of land 
distribution to the landless. As a result, the economic structure of 
a family was often distorted or not answered by the households. 
The households and villages, from where reliable information 
could not be obtained, were deleted from the tabulations. 


7. THE ORGANISATION 


The study is organised in seven Chapters giving brief exposi- 
tion of the Khadar eco-system located in the Khadar tracts of 
Meerut. The First Chapter introduces the area and its contents. 
The Second Chapter is the Khadar habitat giving the inorganic 
attributes of Khadar environment which forms an element in 
man’s interactions. The Third Chapter introduces organic elements 
as Khadar Biomass. The Fourth Chapter introduces man as 
undifferentiated aggregate forming population clumps and is called 
Man at Population Level in the Khadar Environment. The Fifth 
Chapter organises man into differentiated groups as Man at Com- 
munity Level of Organisation. The Sixth Chapter deals with the 
settlements and the lines of circulation as the Settlement System. 
The Seventh Chapter finally concludes the other Chapters and links 
them together in the form of an integrated Khadar eco-system 
under the heading of the Summary and Conclusions. 


2: 
The Khadar Habitat 


1. THE INTRODUCTION 


The Khadar environment to be studied in this study has 
various interacting variables to form the Khadar eco-system. 
According to Odum! the inorganic variable is called the habitat.* 
The habitat has dual function in the eco-system. On the one hand, 
it is static providing a fixed location or home to the other variables. 
of the eco-system (Chapter 1). On the other hand, the habitat, as. 
a dynamic variable, is an element of interaction in the Khadar 
eco-system. This chapter studies the Khadar вара: as а variable 
in the Khadar eco-system. 


The dynamics of the habitat operate over the parameters of 
the habitat which provide a physical base for energy circulation 
manifest in the form of the operative processes. These are geo- 
morphic processes of the fluvial action and mass wasting along 
with the biotic processes connected with organisms. Fluctuations 
in the energy input through the parameters run through the 
processes constantly changing the resulting output in the form of 
the habitat series. Output in the steady state appears as the me- 
dium series though it can stretch as the extended series or become 
demunative as the truncated series. The medium series has a 
normal Khadar landform consisting of the habitat zones, e.g., а 
valley flat next to channel, rising wet and dry reception zone, 
rugged Khola zone and the Bangar edge located between the 


1. Odum, ibid. 
2. Inthisstudy the term habitat is used in the sense of Odum's defi- 
nition. 
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Bangar on one side and the Khadar environment on the other side. 
Some zones are missing in the truncted series so that the Bangar 
edge descends abruptly to the channel below. The extended series 
has more than one valley flat. Any further variation in the input 
of energy can form the additional habitat series. 


2. THE PARAMETERS OF THE KHADAR HABITAT 


The parameters of the Khadar habitat are set by energy 
circulation shaping the Khadar landform. Energy circulates with- 
in the format provided by the lithological structure and diastroph- 
ism at some initial point of time. 


The lithological structure is the basic frame of reference in 
the parameters of the habitat. The structure is a part of the 
Gangetic trough filled with alluvium. It is massive and structure- 
less. The Gangetic trough covered by the habitat of the study 
area dips southwards so that the land under the habitat is sloping 
north-south. The alluvium acts as cushion for absorbing large 
scale diastrophism and thus remains a relatively flat plain. 
Regional diastrophism can cause local up and down warping 
(Chapter 1) producing minor basins and raised lands or even 
€scarpments at places. Alluvium can easily be dislocated by the 
operating forces involving the energy circulation. Effect of the 
circulation appears as a Khadar landform. The shape of the land- 
form depends on energy availability and its flow. 


There is a continuous circulation. of energy running over 
the lithological structure. The shaping energy has two forms, 
. thermal and mechanical. 


Thethermal energy originates as part of solar radiation 
Converted to long wave terrestrial radiation. It is apparent in the 
form of atmospheric temperature. The study area is a small part 
of the temperature regime that prevails over western Uttar Pradesh 
and the adjoining areas of Haryana and Delhi. The average 
temperature of the coolest month is above 10°C and that of the 
hottest month well above 20°C so that temperature is always high 
enough for tropical plants to grow. Part of this energy is used 
by precipitation. The area receives well above 100 em of rainfall 
іп а year, though the eastern part of the study area has slightly 
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more rainfall than the western part and the north eastern part 
receives more than the south-eastern part.? Precipitated water 
runs on surface converting thermal energy into mechanical energy 
through complicated processes. 


The mechanical energy in the form of kinetic energy, is the 
chief shaping agent of the Khadar landform. Part of it is derived 
from the biochemical energy of organisms, but major part is 
derived from the atomspheric processes, viz. precipitation. 
Rainfall water is partly absorbed as channel or surface flow of 
sheet water and partly by soil particles. Some of the absorbed 
water is drawn up by plants, some runs to water bodies as 
subterranean flow. Some of the subterranean flow is lifted by 
man as irrigation water and recycled into soils. 


The moving water, specially of the channels of the habitat, 
acts as energy flow. The discharge of water in channel is the 
energy level and fluctuates with channel form (Figure 2.1), 
(Hoyat).4 The most common channel form has meandering plan 
[Figure 2.1(A)] with pools, rifles and shoals (Morisawa).? Energy 
accumulates at a pool,® under-cutting the banks and creating a 
bluff there and opposite it is a shoal’ with low energy. Energy 
dissipates at shoals depositing its load. Average energy grades 
downstream [Figure 2.1(B)] moving through riffles.? 


d A cross-section of channel form with associated energy distri- 
bution is shown in [Figure 2.1(C)]. Among other things, energy 
level depends on the size of a catchment area and the amount of 
water that enters the drainage system. Catchment area can be local, 
covering the segment of the basin immediately next to a channel 
segment in question ; or it can be larger including the upper catch- 
ment of channels. Other things being equal, the Ganga has the 
largest catchment area, the highest discharge and the highest energy 
level. The Yamuna has less than the Ganga and the Hindan has the 


The Census Atlas of Uttar Pradesh, 1971. 

Hoyat, W.G., and Langbein, W.B., (1955), Floods, New Jersey, 
Princeton. 4 

Morisawa, M. (1968), Streams, Their Dynamics and Morphology, 
New York, Megraw Hill. 

Comparatively deeper side of a meander loop. 

Comparatively shallower side of a meander loop. 

Part of meander neck with maximum transport. 

Water and sediment in а channel. 
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least. Correspondingly, the Ganga has the maximum develop- 
ment of the habitat, the Yamuna has less and the Hindan has the 
least development (Figure 1.1). 


The energy level in a channel is highly fluctuating 
“with time, It can rise many folds in late rainy season as in the 
case of the Ganga (Figure 2.2). There is an abrupt three times 
rise in water discharge between July 15 and July 22, 1975 when 
the energy level crosses from low flood to high flood.?^ It 


10. Based on information provided by the Central Water and Power Com- 
ission. 


—— 
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A Sample of fluctuations in energy levels 
Ganga Khadar-1975 
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maintains the high flood level for about three weeks before lower- 
ing again to the low level. 


Water in a channel overflows the banks at the time of high 
flood level forming a flood plain. Energy in the form of water 
covers a larger part of the habitat at this time. Perceived as flood, 
this is the essential attribute of the Khadar environment of the 
study area (Chapter 1). In reality it is inundation of the parts of 

lands areas of the habital which are otherwise dry, Yt may occur 
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anywhere on the earth surface. However, the inundation of the 
Khadar environment is directly or indirectly associated with the 
Khadar processes operating in the environment. 


3. THE OPERATING PROCESSES 


Energy of a body provides force for performing work. Work 
causes changes in the body being worked upon. A series of 
changes, linked through time, appear as a process. Body changes 
of the habitat produces the dynamic Khadar landform while the 
proceses may be classified as geomorphic and biotic. 


(a) Geomorphic processes and the associated landform operate 
through fluvial action and mass wasting. Pedogenic regimes of 
calcification and salinization, along with gleization close to chan- 
nel beds, operate partly as inorganic and partly as organic pro- 
cesses. They have been excluded from the present study as they 
are not related to shaping of the Khadar landform even though 
the product of the processes is a part of the habitat in the form of 
structureless soils, sand, silt, or clay in texture. On the 
other hand, fluvial action and mass wasting produce a distinct 
landform. 


(i) The fluvial action includes a combined process of erosion, 
transportation and deposition by water flowingin one or more 
channels. It corresponds to accumulation, balance and dissipation 
of energy in a meandering channel form as shown in Figure 2.1, 
and results in a typical landform as shown in Figure 2.3(A). The 
maximum field over which channel water operates at some time or 
the other in the landform is called valley flat [VF in Figure 2.3(A)]. 
It is marked by existing or abandoned water courses. Water 


courses have variations in energy producing variations in the 
Khadar landform. 


At places along a meander energy accumulates eroding the 
channel banks. It results in producing bluffs [Figure 2.3(A)] at the 
outer bends along the pool of water. It leads to dissipation of 
energy, water starts transporting as rifles gradually push а mean- 
der loop downstream. This is the process of meander sweep, 
Some chutes or channels are cut off from the main channel at the. 
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time of a meander sweep. The area covered by existing or aban- 
doned meander is called meander belt. 


Energy dissipation dominates at shoals or inner bend of a 
meander loop where river starts depositing as low arcuate ridges or 
bars within a channel bed or along shoals as point bar deposits. 
A trough or swale is left between two bars which is partially or 
fully filled by the trapped sediment. Until it is fully filled, it has 
the surface expression in the form of swamps, marshes or semi- 
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dried string channels. Horizontal plan of bar and swale arrange- 
ment is shown by dash and a dot symbols in Figure 2.1(A). 


` Deposition over a valley flat at the time of high flows forms 
ап! additional landform of low irregular ridges, called natural 
devees. The levees are shown as a very gentle rise of land next to 
'the channel in Figure 2.3(A). They have the maximum elevation 
along the pools though sediment may spread over a large part of 
a meander belt. They may obstruct the surface flow on the other 
side from joining the main channel. The obstructed flow runs 
parallel to the main channelas à Yazoo river. Repeated spread 
of sediment over the same area forms a river terrace overlooking 
the channel and creating a distance between the channel and the 
bluffs. Each successive terrace is located at slightly lower eleva- 
tion caused by constant river erosion. A normal valley flat has a 
single terrace as shown in Figure 2.3(A). Between and behind the 
patches of natural levees are shallow troughs connecting the chan- 
nel to the outer land. Receding water is trapped in this back 
trough draining poorly along the channels, and develops swamps 
ог sloughs [Figure 2.3(A)]. or has moist soils. This area is called 
troagh опе] Reception Zone, RZ. 


} As meanders sweep downstream, each area alternatively faces 
efiergy accumulation and dissipation, hence erosion and deposi- 
tion. Erosion cuts into land and deposition fills sediment into it. 
Land adjoining channel is filled up with young alluvium [Figure 
2;3(A)] as flood plain. It covers VF and adjoining lower RZ in 
Figure 2.3(А). A Khadar tract is a recent flood plain [Figure 
2.3(A)] carved into the old flood plain that fills the Gangetic trough. 


\ 


Each channel exhibits some attributes of the landform resulting 
from the fluvial action along its course in the study area but the 
Ganga exhibits all of the attributes. A cross-section of the Ganga 
south of Jalalpur Zora (G-O11) is shown in Figure 2.3(B). The 
‘details of the Ganga Khadar landform in northern Мауапа ае 
"shown in Figure 2.4. А meander loop curves out from Sherpur 
(G-020) in the north to Manoharpur (G-042) in the south. Bars 
запа swales fill up the meander east of Hadipur (G-040), It was 
observed during the field work that the swale just east of Hadipur 
settlement has changed into a bayou due to the meander sweep- 
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Based on top sheet No. 53 k/4 
A bayou is locally called а ‘Bokara’. Patches of bluffs can be 
seen north and south of Hadipur. The highest bluff line is shown 
as the badlands in the west, bordering the swampy trough zone 
with the Burhi Ganga. The levees at Bela (G-001) and Bhuwa 
(G-002) were observed to be under the channel bed as Bela-mean- 
der swept down to Hadipur. Back swamps of these levees drain 
through a Sota or nalla, called Soti nadi, shown in Figure 2.4. 
Bela-Bhuwa pool had shifted to Hadipur through the meander 
Sweep. The map also shows three river terraces with swamps in 
the Upper Terrace, the Soti nadi and the Bagi nala in the middle 
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terrace and the active channel east of Hadipur as the lower 
terrace. 


Repeated deposition by the Ganga over the same area has 
formed the new flood plain with young alluvium extending east of 


22 Rural Ecology 


the Burhi Ganga as shown in Figure 2.4. Local upwarping (Figure: 
2.5) along with the constant lowering by the channel has formed 
three river terraces as mentioned above. Traces of upwarping аге- 
apparent partly in the form of escarments along the Terraces and 
partly as the raised land forcing the Burhi Ganga to flow eastwards- 
where it joins the Ganga (Figure 2.5)! The channel bed is marked 
by the point bar deposits showing as the islands. Each terrace is- 
located at different elevation and has its own attributes. 


Close to channel is the lower terrace (Figure 2.4), Its average 
height is between 204 metres and 212 metres. It is characterised 
by islands within channel, bluffs at banks, bar and swale topogra- 
phy within meander loops and natural levees with sloughs at the 
back. The Terrace in the study area is the widest in the north 
(Figure 2.4), constricted in the centre (Figure 2.5) ; and indistinct. 
in the south (Figure 2.6). 


On slightly raised elevation i.e., between 213 and 216 metres, 
is the Middle Terrace (Figures 2.3 and 2.4). It is located between. 
levees and sloughs of the lower terrace in the east and abandoned 
levees and sloughs of the Burhi Ganga іп the west. Nallas, sotas. 
or streams with subsurface source drain in the middle as Baghi 
Nala, Soti nala or other nalas without names. Occasionally, a 
nalla from the upper terrace sweeps across draining to lower 
terrace, as south of Bhikund or Rustampur (G-045) settlement 
(Figure 2.4). The middle terrace terminates at Mawana-Hapur 
border where the Burhi Ganga swamps drain as a channel curving 
eastwards along the axis of upwarping to join the Ganga (Figure 
2.5). 


The farthest from the channel and at the highest elevation is- 
the upper terrace (Figure 2.4)., Most of the terrace is occupied 
by the trough zone between the abandoned levees on the channel: 
side and the rising Bangar on the other side. Water seeping from 
the adjacent Bangar spreads over the terrace producing widespread 
marshes. Covered with vegetation, the terrace,has the largest expanse 
of swamps. Marshes, swamps and abandoned channels collec- 
tively are known as the Burhi Ganga Swamps. It is a more ОГ less 
stagnant body of water but develops a powerful current just before: 


11. Based on Survey of India Toposheets, surveyed in 1910-11. 
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joining the Ganga at Mawana-Hapur border cutting across the axis: 
of upwarping (Figure 2.5). The upper terrace is more than the 
trough zone. There are slightly raised dry patches dispersed over 
the swamps, e.g., at Sarai Khadar (G-011), Shahpur or Sultanpur 
(G-015) and Daulatpur or Malipur (G-032) These may be aban- 
doned levees or colluvium deposits from the adjacent Bangar as 
described in the next section. The trough-zone and the upper 
terrace can run independent of each other. The terrace terminates 
at the confluence of the Ganga and the Burhi Ganga but the 
trough zone continues further south all along the channel. The 
active channel flows just below the old bluff line or the badlands 
as in the area south of Pooth (G-147) in Figure 2.6, А single 
river terrace with levees, Yazoo rivers, back swamps and some old. 


bluffs are located north of Pooth. 


(ii) The mass wasting operates simultaneous with the fluvial 
action, The associated landform, closest to a channel, lies as the 
colluvium deposits їп the trough zone. The process of mass. 
wasting is initiated when the local water supply of the Bangar 
edge at the higher elevation dissolves particles. Since a ready 
slope is available towards the channel, soil solution moves in that 
direction converting the potential energy to mechanical energy. 

The movement has the surface expression associated with the 
sub-surface flow of water. At times it appears as earth flows 
resulting in hummocky land with terracets, (Thornbury).* Slightly 
faster moving slumping can cause slump blocks with raised land 
and slump scars with depressions. These features are too localised 


to show on a map. 

w of the soil solution forms strings of rills as 
line-engravings made by the running water. Some of them widen 
to form gullies They are Very narrow valleys ranging in depth. 
from one metre to more than 50 metres. They proceed through 


headward erosion into the adjacent Bangar developing tributaries. 


in the process. As gullies close towards each other, land gets 
dissected by deep ravines producing badlands or the broken topo- 


graphy (Figures 2.4, 2.5 and 2.6)’ A part of the badlands yet not 


ciples of Geomorphology, New York, John 


The surface flo 


12. Thornbury, W., 1954, Prin 
Wiley. 
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‘dissected by gullies appears as a hillock. These hillocks are 
called Khola or Kholi. The area dominated by Kholas and gullies 
is called Khola zone [KZ in Figures 2.3(A) and 2.3(B)]. The gullies 
of the Khola zone discharge colluvium collected from surrounding 
«catchment area and deposit it at their. mouths as colluvial cones in 
trough zone. The surrounding Bangar edge is lowered in the 
process feeding to the ever widening valley flat. Cones can coal- 
esce together to form a colluvial terrace. Cones, terraces and 
slump deposits combine to create steeply sloping land between the 
Khola hillocks and the trough zone, or penetrating into the trough 
zone. These slopes collectively are called toe slopes shown as the 
upper part ofthe RZ below the bluffs in Figure 2.3. Individual 
features of the toe slopes form dry gaps in the wet trough zone. 
A wide area of the toe slopes is shown in Figure 4.1 east of Asifa- 
bad that has made a dry gap in the Burhi Ganga at Sultanpur. 


The toe slopes and trough zone have one thing in common, 
the both are at the receiving end. The trough zone receives see- 
‘page water from the Bangar edge and the entrapped overflows 
from the channel. The toe slopes receive colluvium from the 
Bangar edge. The two zones collectively are known as the recep- 
tion zone (RZ in Figure 2.3). It is located between a valley flat 
on the channel side and the Khola hillocks and gullies on the 
other. 


The gullies leading to а reception zone have yet another con- 
necting role in the Khadar habitat. Dissecting the Khola zone 
they penetrate into the neighbouring Bangar through the headward 
‘erosion and become progressively shallower. The badland hillocks 
disappear. Instead shallow gullies appear as relatively shallow 
gaps in the otherwise level area. Such an area is called the Bangar 
edge (BE in Figure 2.3). It is directly feeding into the gullies and 
other features of the mass wasting. This is the farthest zone feed- 
ing to the Khadar landform thus acting as the last outpost of the 
Khadar landform. It merges with the neighbouring environment 
of the Bangar. 


The features of mass wasting are examplified by all the chan- 
nels but the features associated with the Ganga are large enough 
to be mapped, at least at places. An individual colluvial cone can 

be marked east of Asifabad (G-091) (Figure 2.5) and also at 


` 


plants, viz., 
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Kishoripur (G-069) Small cones have colesced into colluvial 


«terrace north and south of the Asifabad colluvial cone between the 


Khola badlands in the west and the Burhi Ganga Swamps in the 
‘east. The cone is located at the mouth of a large gully descending 
down from Asifabad Khola. The Khola zone of the Ganga is 
widest in the north (Figure 2.4), becoming progressively narrow 
towards the south (Figure 2.6). Khola zone is less spectacular along 
the other channels. It is less than ten metres, along the Yamuna 
.and still narrower along the Hindan often being absent at many 
places along the two channels. However, small gullies, the Bangar 


: edge and narrow toe slopes are present along the channels even 
ithough a well defined Khola zone may be absent. 


The gullies are the main architect of the mass wasting. They 


.are responsible for а continuous dissipation of the Bangar edge. 


It leads to the valley widening and expansion of the physical 
limits of the Khadar tracts (Demarcation, Chapter 1). They 
operate where the fluvial action becomes insignificant, i.e., at the 
Bangar edge. The fluvial action takes over where the mass wast- 
ing fades away, dominating over a valley flat. The two processes 


-combined are the original shaping agent of the Khadar landform, 


‘resulting in a zonal alignment of the landform. 


(b) The biotic processes work upon the landform created by 
“the geomorphic processes. They operate by using energy supplied 
‘by plants, animals and man. 


The plants are visually the most widespready organisms of 
the habitat. They may be natural or cultivated. Most of them 
belong to the family of grasses. Some cultivated plants dominate 
over the natural plants. The former reduces soil cohesion, coher- 
‘ence, enhance mass wasting and offers less resistence 10 the fluvial 
action. The natural plants check soil erosion and contribute to 
the rapid formation of mature soils. They initiate and enhance 
the process of soil formation when new land emerges from the 
water bed or à new slope is created. They check mass wasting 
and offer greater resistence to fluvial action. Natural perrenial 
clumped grasses, build up stratum by arresting 
‘sediment and accumulating their dead and decomposed body on 


surface (Chapter 3). 


26 Rural Ecology: 


The animals, like plants, provide a force for raising or iower- 
ing the substratum by accumulating their droppings. Direct 
raising of land is negligible, however, their droppings and 
tich manure to land, the soil conditions improve favouring the 
growth of plants. They, in turn, run the cycle of raising or lower- 
ing the substratum (Disturbances, Chapter 3). Animals have the 
additional role of producing the microrelief by using the same 
tract regularly. They engrave hoof pits and cart furrows over a 
cart tract. Soil particles become loose and are blown off when 
they are dry. Eventually the tract becomes slightly lower than the 
surrounding area. It appears like a gully trough in the landform. 
One such trough south of Kotana (Y-010), covering the tract 
between Luhari (Y-013) and Rajpur or Khanpur (Y-014) in the 
Yamuna tract had the relative height of one to three metres along 
the side walls of the tract when measured during the field work. 


The modification of the landform by animal-force has a zonal 
pattern. Valley flat is the zone where animal force is mild but 
unrestricted. Higher up at the Bangar, the use of fertilisers for 
improving soil nutrient is far greater than the role of dung manure 
for improving soils and thereby raising the surface. The tracts 
tend to be better maintained and lined hence keeping away the 
microrelief created by the animals. 


The man provides a major force in the biotic processes. On 
occasions man lets natural habitat be undisturbed as in the case 
of the islands of Latira (G-131). The common undisturbed areas 
are the slough, swamps, water currents or areas of steep slopes in 
a Khadar tract. Elsewhere man modifies the landform in various 
ways. He substitutes the natural vegetation by the cultivated 
plants. He. is instrumental in forming the microrelief by letting 
loose animals over the newly emerged islands. He determines the 
location of a cart tract with the effects described above. Man 
accelerates or decelerates the process of inundation of a valley flat 
by deforestation or afforestation of the local or the upper catch- 
ment of channels, 


The significance of man lies in directly producing a micro- 
relief in various ways. He raises plinths for erecting his huts. 
Mud hutments are renewed each year raising the heights of the 
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plinths. Thus, areas under the settlements of man appear as 
slightly raised hillocks and tend to remain free of inundation 
during the raised water level in the channels. Man raises artificial 
ridge-like structure, called embankments, for regulating or 
diverting a channel flow. It creates a trough-like structure at the 
back of an embankment. The trough collects seepage water as 
well as surface run-off from the surrounding areas. Water thus- 
pooled has barely any outlet and stagnates creating an artificial 
Khadar-like or Psuedo Khadar, conditions. Such an area is 
located east of the Loni (Y-046) embankment (Ghaziabad) along 


the Yamuna. 


Man can divert a channel flow creating new areas of a Khadar 


tract. It is done by raising the embankments on one side ofa 
channel. Free energy circulation is constrained by the embank- 
ment wall, therefore, is diverted more vigorously to the opposite 
side. Valley widening extends to the free side opposite the 
embankment wall often engulfing new areas under the Khadar 
tracts, The effect is carried down-stream. Such is the case along 
the Yamuna in Haryana and Delhi. Embankment has led to un- 
directional shift of the channel towards the east in Baghpat and 
Ghaziabad tehsils. Such a shift of the course has completely: 
submerged Nagla Bahlolpur (Y-027) in southern Baghpat Tehsil. 
covering parts of Katha (Y-026) village which was so far located. 


well deep in the Bangar. 


n. annihilate the Khadar environment, leaving a 


Man ca 
adar environment. This is- 


Khadar like habitat without the Kh 
done by blocking a channel such as by constructing a dam ога 
reservoir upstream. The downstream channel is dried up leaving 
the earlier created Khadar landform without a channel flow and 
the subsequent Khadar environment. This is the sub-Khadar 
environment. It is represented by the Hindan south of Ghaziabad 
town. The Hindan water is diverted to the Yamuna leaving the- 
former dry. The embankments raised for diverting the flow create 
swamps which drain as Bhuria nadi and join the Hindan just. 
north of its confluence with the Yamuna. On the other hand, 
upstream of the Hindan,in Meerut tehsil, the Hindan water is. 
joined by the Ganga water through the Jani Escape. The channel 
has more water than its valley would demand. A swollen river 


flows through @ constricted valley. The habitat remains constric- 


28 Rural Ecology 


ted despite the increased water supply though this is the area with 


the largest spatial development of Khadar habitat along the 
Hindan. 


Thus, man can be Powerful agent in shaping the Khadar 
landform. He can create a new Khadar landform, modify the 
existing landform or erase it from the environment. An existing 
Khadar landform is the combined result of the geomorphic pro- 
cesses, modified by the biotic processes in general and man in 
particular. 


4. THE HABITAT SERIES 


The energy circulation through the Khadar processes causes 
body changes at the surface of application resulting in the variable 
extent of a valley flat. The fluctuations in energy inputs cause the 
variations in the extent of a valley flat as fluctuations in the 
‘output. Both the input and output fluctuations are continuous. 
Assuming that all the energy that enters the circulation system can 
initially be equated with the total potential energy, the input and 
the output can be represented as related curves as in Figure 2.7. 
‘Some stages of output can clearly be identified against each other 
as the habitat series. A habitat series can be defined as the 
“aggregate or a set of the landform zones appended to a valley flat. 
A valley flat between the toe slopes and the channel is the essential 
attribute of the series. It is an index of the magnitude of the 
potential and the kinetic energy in circulation. As the magnitude 
of energy can be graded the habitat series also can be graded along 
-a gradient. í 


The average energy circulation can be represented by the 
-medium series (MS in Figure 2.7) of the habitat. It represents the 
‘steady state of the input-output relationship. The total energy 
level rises to form the extended series (ES) and lowers to а 0816 
minimum to form the truncated series (TS). The parent series 
giving rise to the three is the superimposed series. It is still domi- 
nated by Bangar processes and Khadar processes аге SUP 
imposed only to one edge of it. The landform dominated by the 


biotic modifications results in the modified series. Each series has 
its own identification, 
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HYPOTHETICAL HABITAT SERIES AND ENVIRONMENTAL 
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The medium series of the Khadar can be identified by a single 
valley flat with the medium extent (MS in Figure 2.7. A hypo- 
thetical landform of the series is shown in Figure 2.3(A). It has 
a single valley flat with Yazoo stream separating the back swamps 
behind levees and trough zone below toe slopes collecting seepage 
water from the adjoining Bangar (Figure 2.5) The inorganic 
ping the landform is more than the biotic energy though 


energy sha 
ergy have fluctuating level. Mass wasting 


the components of the en 
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may dominate over the fluvial action at times but the fluvial 
-action may dominate on the other times. Thus, the size of valley 
flat and the Khola zones are fluctuating though the two maintain 
га near balance with each other. An auxilary attribute of the 
medium series is a single row of settlements (M in Figure 7.1) at 
the valley flat between the toe slopes and the channel. The terri- 


torial extent of these settlements alternates between the elongated 
and the compact shapes. 


The extended series of the Khadar habitat are associated with 
the repeated valley flats (ES in Figure 2.7) The levee back 
Swamps are separated from the trough zone swamps below the toe 
slopes. The intervening area develops one or more river terrace 
(Figure 2.4). The terraces are marked by the abandoned levees, 
bars and channels or other features of the Khadar landform. A 
terrace next to the active channel can increase or decrease in size 
by encroaching or receding meanders. The continued depletion of 
the extended series by the encroaching meanders, ог Ипіпдігесіопа! 
swing of a channel, can revert the series to the steady state of 
the medium series. The auxilary attribute of the series is that it 
has more than one row of settlements [Figure 7.1(B)] of irregular 
shapes between the toe slopes and the channel. The size of each of 
the habitat zone may become wider than that under the medium 
series. 


The truncated series result from continued energy depletion 
without its renewal. It is identified by the absence of a valley 
flat (TS in Figure 2.7). There may be a narrow toe slope but the 
Khola zone is insignificant or is in incipient stage (South of Pooth 
in Figure 2.6). The Bangar edge descends abruptly into channel 
without intervening valley flat. The potential energy at the Ban- 
gar edge is released into the kinetic energy as mass wasting starts 
operating at the Bangar edge where man is located [Figure 7.1(C)]. 
The toe slopes gain dimension, channel water starts losing energy 
as it starts dissipating along the widened toe slopes. The meander 
starts receding and a valley flat begins to form. Thus, the 
truncated series is a very temporary phase of the habitat. 


The Khadar landform is located as an elongated thin strip 
along the neighbouring Bangar habitat in the superimposed series 
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-of Khadar habitat. Its identifying attribute is the extent of the 
Bangar habitat being larger than that of the Khadar habitat. It is 
the parent series for others. A valley flat may be as large as that 
of the medium series or non-existent like the truncated series but 
in all cases itis smaller than the size of the Bangar area attached 
to it, The channel is located on one side of the series but it lacks 
a distinct Bangar edge with the badlands (North of Pooth in Figure 
2.6). As such, its demarcation onthe Bangar side is arbitrary. 
The superimposed series are better representative of the Bangar 
-than of the Khadar and may be used for comparison between the 


two habitats.'? 


Any of the above mentioned series can form the modified 
series of the Khadar habitat. It is formed by the dominance of 
the biotic forces over the geomorphic forces. Energy application 
through the fluvial action or the mass wasting is accelerated or 
decelerated. As a valley flat is the essential attribute of a series, the 
modifying biotic forces are strong at a valley flat. Consequently, 
the raised parts of a valley flat may be inundated even at the time 
-of low energy level in a channel as along the railway embankments 
in Figure 2.6 ; or even the low-lying areas of a valley flat may 
remain dry at the time of the increased energy level in a channel. 
Man may accelerate or decelerate forces of the geomorphic pro- 
-cesses in the series. The presence of man is essential in the valley 
flat of the modified series as he modifies the flat to suit his require- 


ments, 


The above mentioned habitat series are based on the empirical 
findings. The Ganga tract displays all the series. There is the 
extended series in the north from Mawana border running south- 
wards to Мауғапа-Нариг border. A sample from the middle of 
this area is shown in Figure 2.8. It includes settlements at the 
-central valley flat and upper and lower terraces to the west and 
east of it. Thereis а pocket of the modified series at the central 
valley flat of northern Mawana, running along Meerut Bijnore 
highway and along the railway embankment south of Garhmuk- 
teshwar in Hapur (Figure 2.6). Thereis medium series between 


ion of superimposed series is arbitrary, its 


13. r-ward demarcation. 
3. As Banga ot including more than one valley flat. In other 


size can be limited by not int 
words, it is not practical to include valley flat of the extended series along 
$ create a superimposed series. 


with a larger Bangar to 
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Aidalpur (G-080) and Makhdumpur (G-062) іп the central Ganga 

Khadar. А sample of itis shown in Figure 2.9. There is only 
one wet zone between the channel and the reception zone. Medium 

series is repeated along the Ganga in northern Hapur running 

southwards to Garhmukteshwar town as shown in Figure 2.6, The 

superimposed series is located south of Garh covering the tract 

upto Pooth (G-147) village in Hapur (Figure 2.6). South of Pooth 

is the stretch of truncated series (Figure 2.6). Thus, the Ganga is- 
the specimen of all the Khadar series. 


The Khadar Habitat 3: 

The other Khadar tracts do not display all the series. The: 
Yamuna has a narrow stretch of the medium series in northern 
Ghaziabad Tehsil which changes to the modified series at Delhi 
border. Some of the villages, e.g., Kheri Padhan (Y-012), North 
of Baghpat town have the truncated series while the rest of the 
tract has the superimposed series. There is no stretch of the exten- 
ded series along the Yamuna. The Hindon has superimposed 
series alone all along its course. 

Inundation. lt may be recalled that the habitat series are 
graded using the yardstick of a valley flat. A valley flat is identi- 


Central Ganga Khadar mewan) 

MEERUT A Medium Khadar series 
MORADABAD DISTRICTS 
A 


д RZ 


[Г] sancan zone RECEPTION zone [-===]KHOLA 
==] KHOLA ZONE БОЯ маше ғат [омаи еее we aE ы 


34 Rural Ecology 
fied by the actual or potential area of inundation. Inundation is 
‘the periodic flow of kinetic energy through flow of water running 
from or to a channel. It appears as the spread of water. Inunda- 
tion is a mechanism to push the energy circulation to a field larger 
han is covered by the daily flow of energy. Itis responsible for 
extending the Khadar habitat much beyond the immediate banks 
of achannel. The degree and the direction of inundation is not 


the.same everywhere. 


Pockets of raised ground such as, levees, bars and point bars, 
‘stand above the water surface or are inundated briefly at the time 
of high water level in a channel flow. The depth and the duration 
of inundation increases at the low lying areas of a valley flat, viz., 
at those located in the trough zone or the back swamps along the 
channel. The inundating water originates partly from the channel 
side and partly from the Bangar side. The over bank flows from 
the channel side collect behind levees and flow parallel to the 
channel aslevees prevent or slacken the flow ofthe collected 
water from entering the channel again. The inundating water tends 


to be loaded with sediment so appear muddy. 


A part of the inundating water comes from the Bangar side. 
It originates as the sub-terranean and surface sheet flow at the 
Bangar upland, passes through the steep gradient of the toe slopes 
and flows parallel to the main channel. The flow may be too weak 
and shallow to forma well defined valley and flows ina broad 
trough. Such a flow is locally called ‘choa’. At places the 
gradient may be steep enough to carve outa valley which is very 
shallow and narrow. Such a flow is called nadi, Where the sub- 
terranean flow drains out on surface without an apparent swamp 
or marshy source, it is locally called sota (spring). The Bangar 
flow during rains is heavily charged with sediment. Some of it 
flows down along the steep slopes of gullies. Slope suddenly 
slackens at the trough zone where the sediment is deposited over 
the colluvial cones. 


The water inundating a valley flat may also include the water 
of drains joining a flat from the Bangar side. The levees 21008 
the channel prevents drain water to join a channel immediately, 
thence it runs parallel to the main channel for some time before it 
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сап find a gap in levees that would permit it to join the channel 
flow. These are Yazoo rivers but can hardly be differentiated from 
other flows of a valley flat. Rapid gradient generally prevents 
overflows from the drains over the Bangar even during heavy rains 
but as they descend to the gentle gradient of a valley flat, they 
overflow their banks adding toíthe inundation of a valley 


flat |, 


The entire valley flat is the inundation prone area if it is a 
single unit between the Bangar edge and the channel, e.g.,in the 
medium series. Inundation is partialin the case of the extended 
series where the lower terrace is inundated by channel flows and 
the upper terrace is inundated by the Bangar flows. The middle 
terrace of the extended series may remain free of inundation 
even at the time of high water level іп a channel. 


The Territorial Shape. The result of the energy circulation can 

be seen in the form of the shape of the village territories. They аге 

elongated in association with the meander loops (Figure 1.1) though 
all the elongated territories may not contain the Khadar environ- 

ment. The correspondence in shape must have started in pre-historic 

time when the early food producing man settled along a channel to 
benefit from the renewed soils and easy water availability (Riper).!* 
Territories are elongated as each settlement acquires a face to a 
water channel. The meandering loops of a channel constantly 

eucroach or recede from the village territories, The shape of the 

territories is elongated as a meander recedes and gets truncated to 
а compact shape as а meander encroaches into its territorial area 


along the channel. 


Elongation roughly runs perpendicular to a channel, When a 
channel abandons its course, the territories appear irregular in shape 
as the elongation and compaction process is left incomplete and 
made complicated by the abandoned channels. The irregularities in 
shape at the uppermost terrace, just below the Bangar edge, are 
smoothened out by large gullies, colluvial cones and drains descen- 
ding down from the Bangar edge. Many ofthe territories are 
elongated by the water courses of the trough zone, They are 
elongated in the direction parallel to a channel. Some of them 


14. Var Riper, J.E., 1971, Man's Physical World, New York, Mc Graw, 
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become triangular or compact in shape in association with the gully 
mouths or colluvial cones. Territories at the Bangar edge are 
elongated in the same fashion as along the channel at the lower- 
terrace. However, it lacks alternation of shapes, characteristic of the 
lower terrace unless the channel parallels the edge as in the trun- 
cated series. (Such would be the case under superimposed series). 
If the channel recedes far from the Bangar edge, the territories 
assume a more permanent elongated shape. 


_ . The shapes of the territories can be measured using Boyces* 
index of shape. It has been tested in the case of the three Khadar 
tracts. About 95 per cent of the village territories have elongated 
shape (Figure 1.1). Just about 5 per cent of territories have compact. 
shape. Most of these villages are located in the valley flat over collu- 
vial cones (Mahmudabad in Figure 4.2) or in the valley flat with 
encroaching meanders (Tarbiatpur—Shumali in Figure 4.2). Some: 
of them are located in the Khola zone where the compaction is 
caused by the dissecting gullies (Asifabad in Figure 4.1). 

The organisation in shape is broadly related to the area. 
included in the village territories. The village area fluctuates along 
channel as elongation alternates with compaction. Compaction 
reduces village area, while elongation adds to it. The channel with. 
large meander loops generally has large village area while channel: 
with small loops has small village areas. Thus, large size villages. 
are located along the Ganga and the Yamuna. The Hindan has 
small size villages. Central valley flat and Khola zone, dissected by 
many water courses or gullies, have many small size villages,. 
irrespective of the meander loops of channel. 


As the territorial extent of villages corresponds to habitat 
processes, all villages can be classified according to their relative 
location іп the habitat. Thus, a village with major area over 
Bangar is a. Bangar edge village, where a trough zone village covers 
largely a trough-zone depression. A Khola zone village is located 
over Khola hillocks and adjoining gullies and toe slopes. A valley’ 
flat village is confined to valley flat or may extend to trough 
zone They may further be classified as those with receding, 
meanders and those with encroaching meanders.. 


The Environmental Gradient. The powerful and the common 
attribute of the habitat series can be used to formulate the concept 


6. Boyce, R.B and У/. А.У. clark 1964, The concept of shape in geography, 
Geogr. Rev., 54: 561-572. 
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of the environmental gradient. It is graded along the scale varia- 
tions in inundation of a valley flat, in the years of normal rainfall, 
The environmental grading can be centred around the medium 
series of the habitat (Figure 2.7). It has an average environmental 
grade containing a single unit of valley flat liable to be inundated. 
Its position is referred as MS in Figure 2.7. The environmental 
grade rises to a higher position (ES in Figure 2.7) in extended 
series of the grade. It contains more than one unit of valley flat 
liable to be inundated. The environmental grade drops low in the 
truncated series (TS in Figure 2.7), as it has no valley flat liable 
to be inundated, merely because the truncated series do not con- 
tain a unit valley flat. The superimposed series have larger inunda- 
tion free rather than the inundation-prone area. The modified 
‘series of the habitat cannot be graded along the environmental 
gradient as it represents distortion of other series. Gradation is 
further defined according to habitat zones. Bangar edge village 
(a) lies at the lower Khadar environment. The gradient rises with 
Khola zone (b) to central valley flat, (c) higher magnitude of the 
Khadar environment prevails over the trough zone, (d) increasing 
with the valley flat of a receding meander, (e) with the highest 
gradient at the valley flat of an encroaching meander, and (f) the 
six zones together represent the average Khadar environment. 


The environmental gradient is operated by individual forces 
.of fluvial action and mass wasting. The two сап be considered as 
vectors and can be used to describe the attributes of inundation 
along the gradient. Force of fluvial action operates from channel 
side and mass wasting from Bangar side. The two respective forces 
tun along VFS and BES in Figure 2.7 resulting in the varying 
extent of the valley flat. Force VFS decreases toward Bangar and 
BES decreases toward channel. Truncated series is located where 
both the forces are marginal and potential of inundation is mini- 
mum. Such a position is occupied by point CH-0 in Figure 2.7. 
Level of potential energy is bighest whereby kinetic energy isat 
the lowest. The two forces are balanced with each other with 
moderate potential and kinetic energy, resulting in medium series 
‘at CH-1. Potential of inundation is moderate. The force VFS is 
latgerthan the BES force. Super-imposed series can arbitrarily be 
placed between truncated and medium series where BES has a 
larger field than that of VFS. Modified series is made by accelera- 


38 Rural Ecology 


tion or deceleration of forces with reverseeffect. Inundation may be 
reduced though inundation prone area is large or inundation may 
be enhanced though inundation prone area may be non-existent. 
The former produces super-Khadar and the latter has sub-Khadar.. 


5. THE CONCLUSION 


The Khadar habitat is а set of the attributes producing а zonal 
pattern of the Kadar landform. The landform has the habitat 
zones as shown in Figure 2.3. These are the combined work of the 
geomorphic and the biotic processes. The processes operate from 
two different sources resulting in a zonation parallel to the channel. 
Next to the channel is the valley flat succeeding to the trough zone 
and toe slopes towards the Bangar along with Khola zone and the- 
Bangar edge bordering the Bangar of the neighbouring environ- 
ment. 


The landform results from the energy circulation derived from. 
conversion of the potential into the kinetic energy. The energy 
circulation maintains the dynamics of the habitat provided chiefly 
by the mender sweep. The sweeps constantly add or subtract to 
size of the Khadar habitat. Mechanism makes recognizable 
variations in Khadar landform as the habitat series. There is the 
medium series with the normal extent of all the landform zones 
shown in Figure 2.3(A). A valley flat extends as the river terraces: 
in the extended series and disappears in the truncated series. The 
superimposed series is conceptualised as the parent habitat with 
the lesser spatial extent of the Khadar than the Bangar environ- 
ment. A modified series is a modification of any of the other series. 
by the actions of man. Present or potential inundation of a valley 
flat is the essential attribute of all the series. 


Аз such Khadar habitat is a concept based on the pheno- 
menon of inundation caused by a channel. The concept can be: 
expressed as the habitat system (Figure 2.10). The fluvial action 
and the mass wasting are the two variables of the system as the 
sub-systems of the lower order. The valley flat sub-system (VFS) is- 
marked by the actual or potential inundation in the normal years 
of rainfall and operates through fluvial action. The Bangar edge 
sub-system (BES) is marked by the mass wasting of slopes feeding. 
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matter to the valley flat sub-system. The structure and relationship» 
of the two sub-systems is shown in Figure 2.10. 


The outermost boundaries (inset in Figure 2.10) of the habitat 
system are formed by the fresh water riverine system and the dry 
land Bangar system on two sides. Upstream it is bounded by the 
system of upper catchment or watershed system feeding to the 
channel. Downstream is saline water system which is the ultimate: 
collecting body for the water from the Khadar habitat and the 
associated channel. A giant sized Khadar habitat is a part of the 
wet and dry environment extending as an elongated strip, running 
along the channel and sharing the common boundaries with the 
neighbouring environments. The Khadar habitat system under 
study is a small section sliced through the giant Khadar habitat 
(inset in Figure 2.10). It shares the common boundaries with the: 
riverine and Bangar systems, far removed from the watershed and 
salt water systems. Thus, the sectional Khadar habitat is a sub-- 
system of the drainage system interacting with it in the form of an. 


open system. 


The circulation of energy through the geomorphic and the: 
biotic processes sets the parameters of the habitat system. The: 
output of the system fluctuates with the fluctuating energy inputs- 
as the habitat series. The medium series is the steady state with its- 
extension as extended series and truncation as truncated series.. 
Modification of the natural series caused by the biotic processes 
forms the modified series. The superimposed series form the 
ecotone between the Khadar and the Bangar habitats. The series 
are graded along the environmental gradient as shown in Figure 
2.7. Each series is aggregate of the habitat zones which in turn. 
are aggregates of tbe locational niches with the variable attributes. 
ofinundation. Thus, the output of the habitat system can be 
seen as set of the locational niches where some of them are drier 


or wetter than the others. 


The Khadar habitat system would behave as а homaeostatic: 
system if only the geomorphic processes were to operate upon it. 
It would have a tendency to ‘converge’ towards the medium series. 
from the extremes of the extended and the truncated series in the- 
face of the random external fluctuations. The fluctuations are- 
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caused by man and are based on his decisions’. Man is an integral 
part of the eco-system and the habitat system operates inclusive 
of man's actions. The consequent habitat system behaves as 
an adaptive system for there exists for each possible input a set of 
one or more preferred states, or preferred outputs (Harvey)? 
This is the natural outcome of a system involving man as the 
habitat system is a part of the higher order system, Że., the 


Khadar eco-system. 


7. Refer to Oglesby, R.T. ; Carlson, C.A. ; McCann, J.A. (Ed.) 1972. River 
Ecology and Man. Academic Press, New York. 
.8. Harvey, ibid. 


3 
The Khadar Biota 


1. THE INTRODUCTION ` 


Habitat is the home of organisms, man, plants and animals. 

Man, being the focal organism in human ecology, is singled out 
for study in the next and the subsequent chapters. Ecology com- 
bines mass of plants and animals as a unified element of biomass. 
“This chapter deals with biomass as a variable in the Khadar 
‘eco-system. The components of biota, i.e., plants and animals, 
have universal relationship in the terms of food-web! but other- 
wise function independent of each other. Plants are relatively 
immobile, therefore, require adjustment to local environment. 
Mobility of animals makes them part of a wide environment 
rather than attached to a Jocal environment, such as Khadar. 
"This is reflected in the study of the components of the biota 
giving natural plant associations and ecological succession along 
-with functional categories of animals. The process leading to 
spatial organisation of the biomass is studied under the mechanics 
of distribution. Irregularities in the natural organisation are 
studied as disturbances which are modifying factors of the natural 
biotic communities. The conclusion at the end of the chapter 
brings out the biota as a sub-system in the Khadar eco-system. 


2. THE COMPONENTS OF BIOMASS 


(a) Plants. Plants as а component of Biomass have their 
‘own identity. They range in life form from small herbs to large 


4. Whereby one organism supplies food to another. 
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trees. Many of them combine to form plant associations. Plant 
associations are localised plant communities characterised by one 
or more dominant species of plant forms whereas a plant com- 
munity is an ecological grouping of the interrelated plant forms- 
sharing a common site. The Khadar environment contains the 
associations of grasslands, woodlands and desert shrubs. Each 
association has a locational niche, occupying certain spatial loca- 
tion in the habitat on the basis of the drainage conditions shown 
in the lower part of Figure 3.1. Most of the valley flat is ill 
drained, the Khola zone has excessive drainage while the Bangar 
edge and the central valley flat have moderately drained niches. 
Each of them also has а functional niche, performing a distinct 
role in the set of interactions (watts).? 


The grassland associations are dominated by grasses and 
herbs. This is the most prevalent natural association covering. 
the entire inundation prone area of the habitat namely in VFS.. 
Grasslands can be further subdivided on the basis of the actual! 
condition of inundation. Some areas are almost permanently. 
inundated or water logged growing into marsh grasslands. Slight- 
ly raised areas have only seasonal inundation, if at all, growing: 
savanna grassland. 


The Marsh grasslands associations grow in marshes which аге 
poorly drained areas with a cover predominantly of grasses or 
other plants closely related to the grasses, such as bulrushes, reeds, 
canes and sedges. The ground water table in marsh stands either 
slightly above or below the surface, barely dropping below half a 
metre in the habitat. High water table is caused by saturation of 
soil particles with channel water and sub-terranean water of adjoin- 
ing Bangar seeping towards channel. It is natural that the marsh 
grasslands are located along channel and in the trough zone thus 
centred at niches positioned at 3, 5 and б in Figure 3.1. In other 
words, it is the associations of valley flat sub-system of the habitat 
(Chapter 2). There would be two bands of marsh grasslands іп 
a single valley flat in the typical medium habitat series. Bands 
of marsh grassland associations are repeated along abandoned 
channels in the areas of the repeated valley flat, viz., in the 


2. Watts, D. 1971. Principles of Biogeography : An Introduction to the 
fundional Mechanisms of Ecosystems McGraw Hill London. 
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Fig.32 
extended series. The Bangar seepage and channel back swamps- 
may be absent in truncated series where marsh grassland, or any 
vegetation for that matter, may be absent. ‘Kansa’ and ‘Patera’ 
are the most common species prevailing in the association. They 
may be partly submerged under water, Or stand above it if 
inundating water recedes. They may be as tall as 3 metres or 
They are coarse and unpalpatable for cattle. While Kansa 


more. : 
patera can be more continuous. 


grows in clumps, 


*Based on patwaris’ records and the village and town directory. 
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The savanna association grows in the comparatively drier 
margins of marsh grasslands where ground surface has definite 
wet and dry conditions as at either side of the central valley flat 
and at the position number 1 in Figure 3.1. The water table 
generally lies between 1/2 to 3 metres.* It grows with variable 
spacing of the bunch grasses with patches of bare ground between 
them. Non-woody herbaceous plants are uncommon in the com- 
munities, except in the case of the Ganga where ‘Dhak’ is com- 
mon in the association. The ‘Kansa’ remains a common grass 
everywhere. The grasses are tall, between 2 and 3 metres and 
coarse. In some cases grasses are surmounted by scattered palms, 
e.g., Palmyra palm (Borassus), as in the Ganga and the southern 
Yamuna Khadar tracts. In other places, the grasses combine 
with low, umbrella shaped ‘Acacia’ thorn trees, as along the nor- 
thern Yamuna and at places along the Ganga. The savannas 
with acacia are more common in the modified communities domi- 
nated by man’s intervention. The savanna and the marsh grass- 
land may cover nearly the entire area in valley flat sub-system and 
-occupy some patches along pathways or near settlements in the 
Bangar edge sub-system. 


There are patches of mesophyte scrub woodland association 
growing at such dry places of the habitat as are inundated rarely, 
if at all. These are the raised parts of the valley flat sub-system 
centred at the position 4 in Figure 3.1 or under BES such as 
between the positions 1 and 2 as shown in Figure 3.1. Water 
table is generally lower than 3 metres. The ground coverage of 
trees is sparse with discontinuous canopy dominating over patches 
of grasses. Trees are comparatively low i.e., between 5 to 10 
metres. The common trees are like ‘jamun’, ‘katha’, ‘sembul’ and 
‘peepal’. Eucalyptus has recently been introduced. ‘Neem’ is 
also planted at places. Raised surface with woodland associations 
have restricted spatial extent in the valley flat sub-system of the 
medium series but are generally wide in the extended series and 
absent in the truncated series. These woodlands may grow near 
settlements and are treated as the part of the settlement area: 
Woodlands can occupy the entire Bangar edge sub-system but 
generally they have been cleared by man for extending agriculture. 


3. Based on field interviews. 
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Alarmed by enhanced soil erosion and inundation, man has plant- 
ed some woodlands in the Khola zone, as along the Ganga (Table 
3.1). These raised forests are generally called Hastinapur forest 
range. They cover nearly the entire Khola zone of the Tehsil 


Mawana. 


b association has avery limited extent over 
zone and toe-slopes such as the higher 


niches between the positions 2 and 3 in the Figure 3.1 have variety 
of communities included in the association. There are ceactii and 
and euphorbia on very steep slopes of upper gully walls. They 
are succulent, leafless and non-woody plants. There are sclero- 
phylls on the gentler slopes. These plants are marked by thick 
cell fluids, that is frequently a milky latex. *Aak? and ‘Arand’ 
(castor) are common in this variety. Some areas of steep slopes 
ate wide enough to include Acacia. The rainy season gives a 
burst of many ephemerals or short lived plants, which include 
many flowering herbs, tuberous and bulb plants along with soft 
short grass, such as ‘Dub’. Desert Shrub is an association of all 
habitat series indicating the ecotone from a valley flat to Bangar 


edge sub-system. 


The desert shru 
steep slopes of Khola 


the combined natural associations as per 


The spatial extent of 
niches in the upper part 


cent of the total area is shown above the 
of Figure 3.l. Within this each type of the niche has its own 
association. However, natural plant association can change slowly 
to adjust itself to its slowly changing local environment. Епуігоп- 
mental changes аге more pronounced in the valley flat sub-system 
which expands or contracts with receding and encroaching meander 
loops. The plants follow some sequence of changes by adjusting 
themselves to changes in the environment caused by the forces 
external to them, ie., a meander sweep. This is the allogenic plant 
succession of the valley flat sub-system opposed to the autogenic 
succession in the Bangar edge sub-system (Strahler) Allogenic 
succession begins with hydrosere of the submerged niches tending 
to compete with trees at dry niche. There are five categories of 


(1973), Environmental Geoscience : 


4. Strahler, А.М. and Strahler, A.H., 
Interaction Between Natural Systems and Man, Santa Barbara, California, 


Hamilton. 
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Seral vegetation (Weaver and Clements)? undergoing the succes- 
sion. The succession begins at positions 5 and 3 and moves to- 


wards 4 in Figure 3.1. 


1. The submerged category of plants are submerged under 
water. They can grow upto the depth of 6 metres of water (Weaver 
and Clements)? They have very thin leaves and long, thin tube- 
like stem, firmly rooted in the soils deep below the water surface. 
They grow with rhizomes? and occupy pools of channel as well as 
parts of swamps ( jheels) or wet patches in the trough zone ОГ 
ponds of the Bangar. Examples of channels side category were 
observed during field work at Latira (G-131) and the Bangar edge 
category near Loni (Y-046). 


2. The floating category of plants invade the area where and 
when the depth of water flow decreases to less than 6 metres but 
upto about 2.5 metres. They float on water surface with roots in 
soils under water. The stems have broader tubes with thick leaves 
filled with air and stomata closed from watery edge. They grow 
with tubers along rhizomes, e.g., water hycinths or lillies. They 
generally occupy the inner parts’ of а гіуег meander, i.e., at shoals, 
‘jheels’ and other shallow water bodies in the valley flat sub-system 
and shallow margins of ponds in the Bangar edge sub-system. 
There are extensive areas of water hyacinths in the Loni area 
(Ghaziabad). 


3. Тһе reed-swamp category of plants invade the areas where 
and when the depth of water decreases to less than 2.5 metres. 
Lower parts of these plants stand under water, rooted in the sub- 
surface soils. The upper part with seeds stands above the water 
surface. They are the most extensive plants in the trough zone 
and the point bar deposits within a river meander in the valley flat 
sub-system and along irrigation channels, nallah-like water bodies 
or shallow pond margins located in the Bangar edge sub-system. 


4. The sedge meadow category of plant grows when and 
where the surface becomes dry, though soils close to the surface 


5. Weaver, J.E. and Clements, F.E., (1938), Plant Ecology, Bombay, Tata 
McGraw. 


op. cit. 
Roots propagating by external growth. 


neo 
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-аге still moist. It is one of the transitional phase of the valley flat 
sub-system but a more stable characteristic of some areas in the 
Bangar edge sub-system. These plants are dominated with tussocks 
or clumps of hard fibrous grasses, e.g., ‘Kansa’. Between clumps 
there can be patches of turf of ‘Dub’, 


5. The trees can invade the area when and where water 
table is lowered still further but drainage remains unchanged. The 
trees would be mesophytic, e.g., ‘Katha’, if water table is not very 
deep, ie., within 3 to 6 metres ; ог halophytic, e.g., palms, where 
soils are saline or alkaline, and xerophytic, e.g., ‘Keekar’, if the 
water table sinks further very low, ie., to less than 3 metres. 
Water table is rarely lower than 3 metres in the valley flat sub- 

-system hence xerophytic trees are rare but are common at the the 
slopes and the tops of the Khola hillocks in the Bangar edge sub- 
system. The trees form individual stands or small groves as forests 
or orchards. The orchards of '/uquat', ‘Ber’, guava and mango 
groves may be common close to the roads and the towns in the 
Bangar. Forests are most common in the Khola zone though 
may occupy the raised areas of the valley flat (Table 3.1). Many 
of these may have been planted by forest department of Uttar 
Pradesh to check erosion of the Khola zone. The areas emerging 

"from the receding meanders may be covered with forests where 


palm trees are common. 


Any of the above mentioned categories can become permanent 
in a locality where further succession has been arrested by nature 
or by man. The arrested category may occupy the niche for hun- 
-dreds of years as Sub-climax vegetation. The first three categories 
‘mentioned above are the sub-climax vegetation of the wet parts of 
the valley flat and the Bangar edge sub-systems. The drier parts of 
the environment develop sedge meadow category but soon the 
land is cleared for cultivation unless recaptured by a meander 
sweep. Nearly the entire dry area of the two sub-systems is covered 


with cultivated plants. 


If not cleared for cultivation, the dry areas develop woodlands 
‚аз allogenic succession approaches its climax. The dead and 
decayed parts of plants accumulate on ground, raising the sub- 
‘stratum. Thus, the canopy starts getting denser and the micro 
«climate is changed. The environmental factors thus are changed 
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by plants themselves. They adjust to their new environment by 
following a sequence of change, called autogenic succession. This 
succession is a part of the Bangar edge sub-system. It may extend 
to raise the parts of the valley flat sub-system where the growth of 
woodland association is possible just as the allogenic succession 
of the valley flat sub-system may extend to the Bangar at the 
drying margins of the ponds and the lakes, as often observed. 
However, a prevailing association can at least partly be-cleared by 
man for the cultivated plants. 


There are associations of cultivated plants or the modified 
communities, growing along or replaced by natural categories of 
plants as shown in the central part of the Figure 3.1. They replace 
the natural vegetation in sedge meadow or higher categories. They 
occupy an entire Khadar tract except at the badlands, swamps, 
channels and the built up areas. The cultivated crops change 
seasonally. Winter is the main cropping season where sowing is 
done during October, Novembcr and December and harvesting 
during April, Мау or June. This crop is called ‘rabi’. It is 
followed by summer crop under irrigation as main crop of the 
monsoon and іѕ: called ‘kharif’. It may be sown immediately 
after harvesting of ‘rabi’ or may be sown one/three months later, 
but before the sowing season of the rabi crops. There may be 
the additional crop called ‘zaidi’, which is grown before sowing 
the main crop of ‘rabi’ or ‘kharif’. It stands in the fields for one 
to three months. Each cropping season has its own crop associa- 
tion as shown in Figure 3.2 generalised from the various habitat 
zones of the three Khadar tracts (Table 3.2). 


The rabi* is dominated by food crops viz., cereals, in all the- 
habitat zones and all the Khadar series. About 80 to 100 per cent 
of the area under rabi is covered with food crops, viz., wheat as 
shown in Figure 3.2. Non-food crops occupy less than 5 per cent 
of the cultivated area, average being less than 2 percent ina 
valley flat sub-system raising to 5 per centin the Bangar edge 
sub-system. Non-food crops are dominated by the fodder crops 
which can also be used as green manure. The fodder crop is: 
nearly absent іп the valley flat sub-system, Thus, rabi is virtually a : 
single species crop of wheat. However, the variety of wheat is- 


8. Based on chittha rabi, 1974-75. 
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COMPOSITION OF RABI & KHARIF CROPS 


(A) RAB. (в) KHARIF 
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the Khola badlands and the channel 


ate 3.3. Swamps, marshes, 

ed are the only exception. m 
The kharif? coverage is contiguous under BES but is missing. 

Over the low lying areas of VF S (Figure 3.2). сеш 15% 

dominated by the food crops 7/2» сетеді УШ MUR A, 

55 Per cent of the total kharif production of. VFS and about 


* Based on patwaris’ account 1974-75. 
9. Based on chittha kharif, 1974-75. 
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50 percent of the Bangar edge sub-system (Figure 3.2). The food 
and the non-food crops may have almost equal share among the 
cultivated crops. Thus, Jamalpur Meghraj (G-013) and Birkhera 
(G-029) in Table 3.2, covering а large part of the Bangar, have 
59.66 per cent and 45.83 per cent respectively of the non-food in 
ithe kharif. However, 80 to 90 per cent of the kharif acreage in 
some areas under the valley flat sub-system continues to hold the 
food crops alone. Thus, Nawada Khadar (G-146) and Pooth 
Khadar (G-147) (Table 3.2), located exclusively in the valley flat 
of the southern Ganga, have no non-food crop in the kharif. 
Unlike the rabi, the kharif season does not have any single species 
dominance among thé food crops. Rice dominates with 50 to 
80 per cent of the kharif production of the valley flat sub-system, 
specially in the areas of long inundation (Figure 3.3). Most of it is 
‘Aghani’, or late crop, depending only on inundation water. Rice 
becomes insignificant with less than 30 per cent of the kharif of 
the Bangar edge sub-system or is *Sawani',i.e. early crop which 
depends on irrigation rather than on natural supply of water. 
Sugarcane is sub-dominant with 20 to 40 per cent of the acreage 
in VFS and about 20 per cent in the Bangar edge sub-system 
(Table 3.2 and Figure 3.3). The areas of sugarcane and rice are 
mutually exclusive. The acreage of crops varies from village to 
village within a habitat zone (Table 3.2) but sugarcane avoids the 
areas of long inundation. 


The rice and sugarcane as the combined kharif crops equate 
with the percentage of wheat in 'rabi' under VFS but not under 
BES. This is because of the increasing varieties of the other crops 
grown during the kharif. Rice is replaced by the increasing share 
of the other grains, viz, maize and bajra in the Bangar edge 
sub-system. Maize grows along the drier Hindon whereas bajra 
grows along the Yamuna. Cotton, oil seeds, pulses and various 
mon-food crops are grown as the kharif crops in the Bangar edge 
sub-system. Proportionate share of the non-food crop is much more 
in the kharif than in the rabi crops (Figure 3.2). The acreage is 
more than that of sugarcane in BES but decreases towards the 
channel. Apparently, kharif is the season of varieties and species 
diversity among the cultivated crops just as the natural vegetation 
has a burnt of herbs and forbs in the season. 
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The kharif cropping season has not only an increased variety 
but also increased acreage under crops (Table 3.3) despite its 
disappearance from the low lying areas of VFS (Figure 3.3). In 
nearly all the villages of each the habitat zone kharif acreage is 
more than the rabi, the exceptions being the villages in the valley 
flat sub-system located along a channel or the trough zone. Inunda- 
tion is responsible for lower kharif acrage in these areas. If 
inundating water remains stagant, it can be used for growing rice 
but very often these areas develop fast current of water that 
washes away top soils or seedlings. Such areas are not cultivated 
for fear of losing money invested in sowing. On the other hand, 
the kharif acreage can be as high as three times that of the rabi at 
places in the Bangar edge sub-system (Table 3.3). These are villages 
covering the Kohla 'zone and the steep slopes of the Bangar edge 
With deep (24 metres) water table. These areas are dependant on 
natural supply through rainfall, hence grow the kharif crops, but 
as land becomes dry during the rabi, the acrage of the cultivated 
plants dwindles to 1/3 of the kharif acreage. 


The zadi'? is grown at the Bangar edge and in the dry channel 
bed (Figure 3.3). The crop includes a large number of the cultivated 
plants belonging to the family of gourds, melons and cucumbers, 
potatoes, sweet potatoes and tomatoes, along with beans which are 
grown as food, fodder as well as green manure. The creeper plants, 
such as the first three, are called Pa/ej. Many areas in the valley 
flat sub-system have only post-rabi zaidi crops growing palej of 
cucumbers, melons and gourds. This crop is harvested along the 
channel as long as the water level does not rise in the main channel 
following the melting of snow in upper reaches. Harvesting may 
last longer along the trough zone where water level rises following 
rainfall in local catchment area. The rising water level inundates 
the crop land and entire crop is washed off overnight. 


“The zaidi of inundation prone area is grown with dry farming 
technique. A hole is dug in the soils to the depth of water table. 
Seeds are planted in the hole and the germinated seeds are 


protected with mat covering againstfrost or chilly winds of late 
winter. Covering is removed once plant creeps out ftom the hole. 


10. Based оп chittha rabi and kharif, 1974-75. 
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More and more area is brought under the parej cultivation as- 
water level recedes with the setting of winters. Thus, a large part 
of the channel bed remains covered with palej till water level rises- 
once again. Creepers of palej are grown in the Bangar edge 
sub-system, specially near the towns but they are well irrigated and 
manured. Such areas have zaidi along with fodder, green manure 
or some vegetables. 


The plant association of the cultivated plants has greater 
acreage than that of the natural vegetation except at the Khola 
and the trough zones and at the channel bed (Figure 3.3). In the 
absence of the actual figures, the area under natural vegetation can: 
be approximated to the cultivable area! minus the cultivated area. 
Approximate area of the natural vegetation and the cultivated area 
are compared in Table 3.4 and plotted in the upper portion of 
Figure 3.1. It is based on the averages of the habitat zones. The 
area under EA and MM curves is the area under the natural. 
vegetation. Below MM curve is the area under cultivated plants- 
shown as the modified plant communities. 


The area under natural vegetation decreases from 30 per cent 
at A to 10 per cent at В (Figure 3.1), in accordance with the im- 
proving drainge conditions extending from the channel to the 
central valley flat. The size of the cultivated area drops to a bare 
35 per cent of the total area and varies proportionately with the 
area under water in the encroaching meander. The expansion of 
the cultivated area is constrained by the prevailing communities. 
These are seral’? grass land communities which are liable to change 
with shifting meander loops. These communities do not succeed 
to the sedge-meadow category which can be reflected by the modi- 
fied communities. Hence it is the zone dominated by Seral Biomass- 
communities. 


The coverage of the natural vegetation is barely 10 per cent 
between В and C in Figure 3.1. This is the subclimax vegetation 
of the reed-swamp category. This is an arrested climax as the 
higher categories are replaced by the cultivated plants. The 
coverage of the cultivated plants rises to about 80 Ре? cent 
with improved drainage. 


41. Cultivable area=Total area—Area not available for cultivation. 
12. Plant community at a stage is plant succession. d 
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The area under natural vegetation increases from 10 to 30 
per cent at D in Figure 3.1. Thus, the climax vegetation of the 
‘savanna or marsh-grasslands is associated with excessive drainage 
at the steep slopes. The size of the cultivated area drops close to 50 
per cent of the total area though cultivable area rises above 80 per 
cent. Vegetation undergoes the ecological succession climaxing 
into the communities suiting to their local environments of the 
excessive slope or stagnating water. There is some afforestation in 
the area which is actually a restoration of the natural vegetation 
that must have existed long ago. Afforestation further increases 
the area under natural vegetation. Thus, this is the zone domi- 
nated by the climax communities. 


The coverage of the natural vegetation drops to about 20 
per cent at D in Figure 3.1 as drainage improves to become 
moderate. It covers the Bangar and its edge extending to the central 
valley flat. The cultivated area stays well above 65 per cent of the 
total area, the cultivable area rises above 85 per cent. Thus, the 
cultivated area of the Bangar edge sub-system is about three times 
the area under the seral communities. This is the modified biomass 
community in the Khadar eco-system located in the Bangar edge 
sub-system with its extensions over parts of the central valley flat. 
The raised parts are larger over the repeated valley flats than over 
a single one. For that matter, the extended series has a large area 
.of the modified communities at its seral tracts than the extent ina 


modified series. 


At least 50 per cent of the area is covered with the cultivated 
plants at all the niches. Maximum of 40 per cent of the total area 
lies under the natural vegetation while about 10 per cent of the area 
is not available to any form of plants. This available area is either 
built up or is under water. The area under the combined plants 
vegetation decreases with the area under water over the area of 
VFS (Figure 3.4). The area under water varies from village to village 
and from year to year in association with a meander sweep. Thus, 
Bahbalpur (G-037) at an old levee does not have any area under 
water while Dupedi Chao (G-070) under a submerged meander 
has 100 per cent of the village area under water. There is no such 

xelationship between area under water and the vegetation in BES, 
The area under vegetation stays around 90 per cent irrespective of 
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the area under water though the latter is barely over 5 per cent 
in any village of the BES. Thus, the cultivated plants аге the major 
component of the Khadar biomass both in the valley flat as well as- 
in the Bangar edge sub-systems. 


The scarcity of fooder is related to the scarcity of the cultivat- 
ed land. The kharif or summer crop is generally not sown as the 
fields are inundated. Where kharif crop is raised rice becomes the 
prevailing crop which can withstand inundation (and the ensuing. 
alkanity of soils) better than the fodder crops. The fodder crops. 
can be destroyed if water stands in the fields for more than three 
to four days. The scarcity of fodder may force the cows to live on 
weeds or on the course of ‘Kansa’ and ‘Patera’ grasses growing in 
the area. The scarcity of fodder keeps low yield of milk and cows- 
remain the localised means of subsistence for man in the Khadar 
eco-system. 


(b) Animals. The animals supplement the plants in composing: 
the biota. No single set of animals has the locational niche: 
exclusive to the Khadar habitat or a part of it. As a result of their 
mobility animals can at times enter and leave the Khadar environ- 
ment despite the fact that some animals may have greater associa- 
tion than others with some attributes of the Khadar environment. 
e.g., sheep and goat around the steep slopes of the Khola zones, 
though they can be located elsewhere too. More significant is the: 
functional niche of the animals in the Khadar eco-system. 
Functional niche (Watts)? is the role played by the organism in. 
question in running the eco-system. Animals can be classified in 
the categories of wild and domesticated, according to their func- 
tional niche. 


The domestic animals, crossing the Khadar environment, are 
largely cows, buffaloes, sheep and goat, though there may occasio- 
nally be other animals like pigs, dogs, hens and fowels.' The 
first four have well defined functional niche in the Khadar 
eco-system. 


The Cows dominate numerically at the valley flat along а 
channel. A domestic cow can barely be differentiated from the- 


13. Watts, ibid. 
14. Based on field surveys. 
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wild cows. Domestic cows fare tended by owners’ households.. 
Cows may be obtained free of cost or fora sum barely exceeding 
two hundred rupees. Most of the farmers can afford to own at least 
one cow. Most of these cows yield just about one or two litres of 
milk per day. Milk is consumed by householders’ family. Yield of 
milk is low as there is not enough of proper fodder for them. 


The buffalo heads are generally fewer than cow heads at а 
valley flat. A buffalo can cost апу amount exceeding Rs. 1,000 
depending up on its breed. Not many householders can afford to 
make an initial investment with the subsequent risk of death due to 
diseases so that the buffaloes are owned by fewer households and 
are fewer in number than the cows. They are susceptible to catch. 
water born diseases, especially in their mouth and limbs (FMD), 
hence they have to be well protected against the inundating water 
form diseases. Generally buffaloes are moved out during rainy 
season from the inundation prone area. They cannot sustain on 
weeds hence generally fodder crop is raised for them. This is possi- 
ble only in the area where there is enough cultivable land to spare 
some area for fodder besides food and other crops needed for man's 
subsistence. This is easily facilitated in the areas of the double 
cropping which are either inundation free or have a brief period of 
inundation. Generally, these are the irrigated areas of the raised 
parts of a valley flat or areas in the Bangar edge sub-system. Yield 
of buffaloes ranges from 4 to 5 litres to 15to 20litres a day, 
depending on its breeding. Generally, daily yield is more than that 
can be consumed by an owner's family, hence milk is for sale. 
This requires transactions with the neighbouring areas, viz., towns. 
Some households may be involved in regular dairy industry if they 
own one or more good yielding buffaloes. Thus, buffaloes involve 


interactions between different spatial segments of the Khadar ina 


wider environment. 


The sheep and goats occupy the driest locational niches of the 
Khadar habitat. They are generally located in the areas surround- 
ing the badlands of the Khola zone. Sheep graze close to the 
ground while goats browse on the herbs and forbs or thorn weeds 
of the Khola zone and the toe slopes. Occasionally a household 
may own one or two goats for subsistence of the family. More often, 
households of some castes like Gadariya (shepherds) and Banjaras 
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gypsies) and harijans, own more than ten sheep or goats. The 
products are for sale involving the interaction between the different 
spatial segments of babitat, as in the case of the buffaloes. The 
‘fleece of sheep is generally sold raw at the collecting centres which 
are generally cooperatives, e.g., Khadi-Gram Udyog. Goats’ milk 
is generally sold to the vending dudhwallas or milkman; more often 
-goat is raised for meat to be sold in the neighbouring towns. Thus, 
sheep and goat like buffaloes, become a part of the wider inter- 
actions of the eco-system. 


Apart from the above mentioned four, there are оссаіопаПу 
other domestic animals. An individual harijan house-hold may raise 
pigs for sale. Recent Sikh migrants raise chickens partly for sub- 

_Sistence and partly for sale. Travelling Banjaras bring a bunch of 
horses and dogs with them. A part-time migrant of the high caste 
often brings а horse along with him moving from the adjacent 
‘Bangar. These animals are too few and randomly distributed to 
“have any distinct functional niche in the eco-system. 


There may be innumerable species of the wild animals and 
«each species may include innumerable individuals. Barring a few, 
wild animals do not have any identifiable role in the human ecosys- 
tem but often require interaction between the areas under VFS and 
BES. Fishes of water bodies located in the VFS are angled by man 
located in the BES and sold in the urban markets, though occasio- 
nally an individual in the VFS may catch some for his food require- 
ment. These are wild cows perhaps restricted to the valley flat of 
‘the Ganga. These аге called Dhana by the local people. They move 
іп herds and often graze on the standing crops. Farmers stay 
awake to chase away wild cows at night. There are some game 
animals at the valley flat along the Ganga channels. These are 
Pahara (spotted dear) and wild boars. The urban people of the 
adjoining areas occasionally camp in the area for the shooting 
games. The Ganga Khadar in southern Mawana, near Sarangpur 
(G-109) village at Mawana-Hapur border is particularly famous as 
the hunting ground. Hunting provides temporary employment to 
the local people who help the hunters in raising the Machan or 
in some other work. Thus, the game animals provide a link bet- 
ween the Khadar and the non-Khadar environments. 
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It can be concluded that the animals of the Khadar environ- 
-тепі have their own contribution in the eco-system. Domestic cow 
has inevitable but a localised functional niche and dominate in 
VES while buffaloes dominate in BFS. Sheep and goat cover the 
Khola and the reception zone, and along with buffaloes help in 
integration of the eco-system. Though less defined, they have 
locational niches like plants resulting in a spatial pattern associated 
"with the mechanism of distribution. 


.3. THE MECHANICS OF DISTRIBUTION 


The mechanics of natural distribution of plants and animals is 
governed by the patterns of dispersal and behaviour. It is modi- 
fied by man's interactions, described in the next section. 


The dispersal is the spread ofspecies from one point to an- 
-other. Each species has its dispersal field or the positive area 
(Krebs). Dispersal field of the animals is constrained by distribu- 
tion of land and water which in turn corresponds to the habitat 
.zones described in the previous chapter. Terrestrial animals are 
restricted by wide, deep and fast flowing channels located only at 
the margin of the eco-system. Therefore, land animals have few 
negative areas. 

The plants and animals occupy a small given locality or niche 
"within the dispersal field. Organisms occupy a niche only if the 
attributes of niche suit their behaviour. Behavioural adjustment 
of the plants are faster than the dispersal adjustments. The animals 
‘have slower or lesser adjustment. They can move out of the area 
if the local environment becomes unsuitable to them. Water 
availability is the chief attribute of the niches requiring the 
‘behavioural adjustment. It depends partly on water supply to 
niches and partly on retention of water by the niches. Both the 
factors in turn are dependent on other factors. 


The Water Supply to niches can be natural or augmented by 
man. Natural water supply originates as rain water in the upper 
or local catchment of a niche. Though there are slight variations 
jn local rainfall (Chapter II), these are offset by flow from the 
surrounding catchment area that drains to a river channel. As 
such a valley flat sub-system eventually has more water supply than 


15. Krebs, C.J. 1978. Eeoiogy, The Experimental Analysis of Distributi 
A bandane Harper Row, New York. ution and 
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a Banger edge sub-system. As water from a tributary ultimately” 
drains to a main channel, water supply is maximum in the valley 
flat sub-system of the main channel and less in that of the tribu- 
taries. Thus, water supply is maximum in the Ganga, less in the: 
Yamuna and the least in the Hindon Khadar tracts. 


Man augments natural water supply through irrigation. 
Possibility of augmentation to a niche depends on the nature of 
the terrain where a niche is located. Augmentation is possible in 
the slightly undulating to a gently sloping areas which can retain 
the water supply. Irrigation through flowing of water is not possi- 
ble over very steep slopes where, augmented water would drain off 
immediately. It is only possible with mechanical spraying though 
its cost is high. With such constraint, the badlands and the 
slopes of a Khadar tract are not irrigated while other areas have: 
Possibility of the augmented water supply. 


The realisation of the possibility of irrigation can depend on 
the nature of irrigation. Irrigation can be extensive in the areas 
using canals. Privately owned wells/tubewells/pumpsets irrigate- 
the restricted areas belonging to the owners or users hiring water 
or pumping set from the owners. The Khadar habitat offers river 
irrigation to the areas where a water course flows close to the cul- 
tivated areas. Main channel is edged by sterile sand, therefore, not: 
used for irrigation. River irrigation is practised in the areas where: 
a Bokara (Chapter 2) or chute from a meander neck or bayou 
runs close or through the cultivated fields located in the Bangar 
edge or the valley flat sub-systems. River irrigation through bayous 
was observed during the field work along the Ganga South of 
Mirzapur (G-078) and at Kheri Padhan (Y-012) along the Yamuna 
North of Baghpat town. No such area was observed along the 
Hindon. River irrigation of the Ganga augmented water supply 
in the valley- flat sub-system while the Yamuna provided to the 
Bangar edge sub-system. 


The variations in the means of the irrigation have their owm 
bearing on the actual size of the area with augmented water supply 
(Table 3.2). The area under irrigation broadly becomes smaller 
towards the channel and the trough zone. Irrigated area has the 
widest spread along the Yamuna where more than 50 per cent of 
the cultivated area is irrigated. About 50to 90 per cent of the 
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area is irrigated by canals. Тһе Hindon has the lesser irrigated’ 
area where canal irrigation is less important than well and tubewell 
irrigation. The irrigation pattern varies from village to village 
along the Ganga. There are areas such as Asilpur (G-109) where 
the privately owned wells and tubewells irrigate about 50 per cent 
of the cultivated area while in Paswara (С-144) 100 per cent of 

e irrigated area is through canals. Most of the villages in the 
valley flat sub-system are unirrigated except in a few cases, e.g, 
Mirzapur (G-078) with 11 per cent of the irrigated area using tube- 
well irrigation, compared with 2 per cent in Khanpur Garhi 
ae and 45 per cent in Mishripur (G-113) using river irriga- 
OB п general, there is a decline in irrigated area towards а 
IM e especially in the Ganga Khadar. Relationship between 
25 extent of the irrigated area and the drainage conditions is such 

aat the irrigated area is maximum at the moderate drainage and 
nil at the excessive and impeded drainage. Maximum extent of the 
irrigated area occurs at the Bangar in the superimposed series de- 
clining in general towards the valley flat along a channel. 


The efficacy of the augmented water supply depends on the 
water retention of niches. This in turn depends partly on drainage 
conditions and partly on the soil factors. The two operate simul- 
taneously though can be studied separately. 


tions may broadly be graded along the 
e can be three types of drainage 
d impeded as shown in the lower 
factor to be uniform over the 
n have different 


The drainage condi 
average slope of an area. Ther 
Conditions, moderate, excessive an 
part of Figure 3.1. Assuming soil 
area, different types of drainage conditions ca 
effects on the water retention at niches : 


(a) Moderate drainage is widespread at the gentle slopes as 
at the Bangar edge, occasionally at Jevel tops or some point bar 
nder loops at the middle terrace. 


deposits of the abandoned mea 
The average slope is 1° to 3°16, Water drains off neither too slowly 


пог too rapidly. It can be available to the niches for sufficiently 
long period for plant growth. Such areas are occupied largely by 
the domesticated plants, VÍZ.» wheat and sugarcane. 


16. Based on field measurements. 
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(b) Excessive drainage is characteristic of the steep slopes as 
in the Khola zone and the toe slopes. Average slope is 3° to 45°. 
Water drains off too rapidly to be available for mesophyte plants. 


‘Such areas can have xerophytic plants, though during rainy season 


herbs and forbs may shoot up over the area. 


(c) Impeded drainage with anaerobic conditions is the 
characteristic of the basins and depressions as in the trough zone 
and depressions of the valley flat. Poor drainage may be caused 
by as gentle a slope as less than 1° or by the raised water table. 
“Such areas are occupied by swales at the various terraces and gaps 
between natural levee at the lower terrace. Either water does not 
drain at all or drains so slowly as to keep soils permanently wet. 
Such areas are covered with stagnant water or have table very 
close to the surface, varying from 1/2 metre to 3 metres. Vertical 
penetration of roots is impeded, but horizontal growth is extensive 
developing rhizomes. Shoots are thrown up in clumps, where they 


grow as tussocks. 


The drainage conditions can be superimposed on landforms 
zones as shown in Figure 3.3. All the four habitat series have the 
three types of the drainage conditions though the areal extent 
varies according to the dimensions of each zone. Superimposed 
on the drainage conditions of niches are the soil factors affecting 
the capacity of niches to retain the supply of water. Though soils 
of the three Khadar tracts fall in the general category of alluvium 
soils they can be further classified as young alluvium in the valley 
flat sub-system and old alluvium in the Bangar edge sub-system 
(Figure 2.1). Young alluvium is structureless, coarse, has mixed 
texture and is underlain by impeded glei horizon. As channels 
deposit silt each year they are perpetually in the process of being 
formed, therefore, are immature and poor in soil nutrients and 
restrict plant growth. Old alluvium is mature, has loamy texture 
and is often rich in soil nutrients and capable of holding abundant 
plant growth. Some of the old alluvium washes down to a valley 
flat through flows of mass wasting operating in the Bangar edge 


sub-system. 


The alluvium can be further differentiated by soil texture. 
Channel water deposits coarse texture sediments next to itself while 
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finer texture is carried farthest away. On the other hand, Bangar 
flow deposits coarse soil particles at the toe slopes and trough 
zone while finer sediment can be carried further down to the 
channel. As a result, there can be pure sand next to a channel as. 
well as at gully mouths in the reception zone. Interesting example 
of such a case is provided by the medium Khadar at the confluence 
of the Ganga and Burhi Ganga. Sediment from Asilpur (G-108) 
and Saidpur (G-117) Kholas flows towards the Ganga. Coarse: 
material is trapped by the Burhi Ganga and fine clay is deposited 
at valley flat in Sarangpur (G-109). On the other hand, the Ganga 
deposits coarse sediment along its bank at eastern margin of 
Mishripur (G-113) but there is loamy texture near the settlement 
in the West, boardering Sarangpur on Bangar side. More often, 
sand from one source gets superimposed on silt or clay from the 
other. There are thin layers of sand, silt and clay superimposed on 
each other, lying in small pockets, scattered at random in the valley 


flat system of all th series. 


Such a mixture of texture has a mixed reaction on water 
availability. Water percolates easily through sandy soils so that 
they are always dry. Clay soil has too narrow pore spaces to let 
water pass through, hence clay beds tend to be water logged. In 
fact, many of the swamps in valley flat sub-system are not the result 
of depressions or basins but pooling of water over clay pans, e.g., 
swamps South of Tarbiatpur Janubi (G-095). 


Clay deposits are not always related to the distance from 
source. They result from chemical reactions which can be located 
anywhere within or outside the Khadar environment. Accumulation 
of clay forms a hard pan where water from any source stagnates to 
cause water logging. Further addition of water to these arcas results 
in flooding similar to inundation in the valley flat sub-system. This 
creates a Khadar-like environment, or psuedo Khadar, which is not р 
related to channel flows. Clay deposits have the effects of abundant 
water supply creating à marshy environment. It may grow marsh- 
grassland plant association but may lack wild animals of the valley 
flat sub-system in the face of constant poaching on animals by man 


of the surrounding areas. 


Sand deposits also are not always associated with channel 
flows. There are patches of sand, known as ‘bhur’, located in the 
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deep interior. The origin of this sand is not known. It may have 
been deposited by winds blowing persistently from deserts or may 
be the reminiscent of the till plains of the pleistocene glaciation.” 
"The ‘burs’ of the Bangar are shallow, compared to sandy deposits 
of the valley flat and may hold associations barely different from 
the surrounding areas. Sands of the valley flat may be bare of the 
natural plant associations though may hold cultivated seasonal 
crops of cucumbers, gourds, melons, etc. In brief, sand deposits 
are always associated with the poor water availability. 


Soil and other related factors form three categories of water 
availability affecting niches. There is abundant water availability 
in the valley flat sub-system. Surface may be dry due to sand but 
sub-surface particles are saturated. Water availability is nil or poor 
in the ecotone covered by the toe slopes and Khola zones. It is 
moderate in the Bangar edge sub-system. As a result water loving 
plants and animals abound in the valley flat sub-system. Desert 
communities of plants and animals would occupy the ecotone and 
mesophyte plants and land animals would be common in the 
Bangar edge sub-system. There are no water tight compartments 
among the categories as similar niche characteristic can be located 
in the contrasting environments. 


A niche may suit the behaviour of more than one organism. 
It leads to competition and symbiosis amongst them. This is the 
universal feature of organisms and not a distinguished attribute of 
the Khadar eco-system. Even taking an account of competition 
and symbiosis, spatial pattern of plants and animals would be as 
has already been described. However, ‘the prevailing spatial 
organisation of the biomass is far different from that expected 
from the natural mechanics of the distribution. The irregularity 
in the prevailing organisation is the disturbance in the natural 
organisation. 


4, THE DISTURBANCES IN THE NATURAL ORGANISATION 
AND THE BIOTIC COMMUNITIES 


Plants and animals of a given locality are not always adjusted 
to the niches indicating disturbances in the natural mechanism of 


17. The Northern Ganga Flood Plain, NAO, 1965, Calcutta, India. 
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distribution. It modifies the natural spatial patterns. It may be 
provided by nature or by man. 


Nature provides disturbance when a new escarpment is formed, 
such as, when a bayou or a meander loop is thrown open overa 
new area. A previously dry niche may turn wet or vice-versa. Thus, 
a tree may appear to be located in the midst of a channel. The 
sedge-meadow category may spread along a canal as at Hadipur 
(G-014) where part of the settlement site was submerged during 
the period of field work in 1976. Unadjusted state of organisms 
is temporary. It is wiped off and replaced by the new set of 
organisms adjusting to the changed niche characteristics. Such 

'-changes are frequent at the valley flat, specially along the lower 
terrace. It is also common at the Bangar edge where gullies or 


Kholas expand the toe slopes. 


Man disturbs the natural pattern in an organised way. He 
intervenes directly with the patterns of the natural vegetation. 
Animals may be affected indirectly. He causes deforestation or 
clearing of natural vegetation. Cleared vegetation may include 
timber or fuel wood, or herbs and forbs grazed by cattle. He may 
destroy vegetation by fire, accidental or by design. 


Man may replace natural vegetation by the cultivated plants. 
Clearing follows the sedge-meadow or higher categories of the 
plants in the succession. Natural replacement occurs at the dry 
niches of the Bangar edge sub-system and raised parts in the valley 
flat sub-system. Survey of India topographic sheets printed in 
1910-1911 show natural vegetation in the areas which is replaced 
by cultivated plants in the new sheets surveyed in 1976-77, 


Man may introduce plants in otherwise bare land. These are 
-cultivated plants, viz., ‘palej’, grown in the channel bed which 
emerges dry after water level in the bed is lowered at the end of 
winters or early summers. The emerging sandy bed is reclaimed 
for growing ‘palej’ crops mentioned earlier. Itis grown with dry 
farming techniques and stands in the fields till the water level in 
the channel bodies rises following the melting of snow in the upper 
reaches or heavy rainfall in the local catchment area. These crops 
“аге introduced before the appearance of the hydriarch succession. 
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when the submerged or reed-swamp categories begin to grow. 
Crops have to be protected rigorously. ‘Palej’ may not always be- 
planted in the pioneer areas. It may be planted as irrigated crop 
of the Bangar edge sub-system. It is a pioneer crop only of the 
emerging channel bed. 


Man may introduce weeds in the shallow water bodies. This 
is generally done to reclaim the margins of lakes and ponds for 
agricultural or other purposes. The common weed introduced 15- 
«Samudra 80°. Once margins are reclaimed, weeds continue 
to spread. Deeper parts of the water bodies may turn into swamp 
or marsh. Water table may rise in the surrounding areas causing 
salinity of the soils. Large scale reclaimation through weeds was. 
observed at Abdullapur (G-128) near Jharina (G-118). 


Large scale reclaimation of land and filling up water bodies- 
causes more wide spread and deeper inundation. Flow of inunda- 
ting water becomes faster. A channel changes it course more 
swiftly and frequently. This in turn changes the pattern of 
natural vegetation as mentioned above. Man takes to afforesta- 
tion to avoid and check such a sorrowful experience. Afforesta— 
tion implies planting of trees by man. Most of them are planted 
by local or State Governments. The Uttar Pradesh Forest Depart- 
ment has planted many forests in the Khola zone of Mawana, e.g.» 
near Hastinapur in the north and Kishoripur (G-069) in the- 
centre along the Ganga. Some palm groves, or forests, have been 
planned by panchayatas at the valley flat, e.g., at Kishanpur 
Khadar (G-035) and Hadupura (G-077). 


The natural and man-made mechanisms operate on the. 
biota to form the prevailing biomass communities of the Khadar. 
These are formed by splitting the natural plant association or 
superimposing the additional elements on them. Hypothetical. 
biomass communities are shown in Figure 3.1. The communities- 
would occupy narrow zones running parallel to a channel in the 
case of a single valley flat of the medium series. This isa narrow 
zone that alternates seasonally between water in a wet channel Бей 
and ‘palej’ іп a dry channel bed. The second zone follows the 
reed-swamp category associated with the game animals. 
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The third category includes the cultivated plants along with 
the remnants of the sedge-meadow and woodland associations ovet 
the raised parts of a valley flat. Cow as domestic animal may 
dominate at the low lying areas along a channel accompanied by 
buffaloes at the higher areas. The fourth category includes the 
arrested hydriarch series of the submerged, floating and reed- 
swamp associations spread over water of the trough zone. Some 
of floating category may be associated or reclaimed by man for 
agricultural and other purposes. 


The fifth category includes the desert-shrubs or planted forests 
at steep slopes of the Khola zone and toe slopes. The Bangar edge 
in the vicinity has the sixth category including the cultivated 
plants with the remnant woodlands and the sedge-meadow. Sheep 
and goat dominate functionally, some of them may descend down 
to the adjoining valley flat. The Bangar edge merges with the 
Bangar that has the cultivated plants in combination with buffa- 
loes and cows as the domestic animals. 


Some of the communities between channel/palej and desert/ 
forest may have the repeated zones in the extended series. Channel 
/palej in truncated series may run parallel to the Bangar edge with 
the cultivated crops accompanied by cows and buffaloes as the 
domestic animals. The superimposed series is formed by combin- 
ing some or all of these zones to a much larger area of Bangar. 
A modified series has a larger area of the cultivated plants than 
the area of the natural vegetation. As mentioned in Section II, 
More than 65 per cent of a village area is covered by the cultivated 
Plants in these areas. It covers most of the Bangar to its edge and 
extends down to the raised parts of the valley flat, e.g., the middle 
terrace of the northern Ganga Khadar. It may be noticed that 
the evolved Khadar series remain essentially the same as the 
habitat series of the previous chapter except that the modified 


Series become more extensive. 


V. THE CONCLUSION 


The biota as a variable in the Khadar eco-system is primarily 
Operated by the component of plants in general and the cultivated 
plants in particular. The component of animals share the Khadar 
environment with a wider environment. The dominance of plants 
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appears in the form of the biomass variable of the eco-system 
assuming the various shapes as the plant association, viz., grass- 
land association of marsh and savanna, woodland association of 
forests or orchards and, what is the most widespread, the associa- 
tion of the cultivated plants. 


The plant association in particular and the biota in general 
interacts with the habitat system (Chapter 2). The continuous 
interaction results in the allogenic succession dominating the 
walley flat sub-system and the autogenic succession dominating the 
Bangar edge sub-system. One type of the interaction may appear 
in the other sub-system indicating that the sub-systems are not 
exclusive. Man interrupts the natural succession by arresting а 
category or replacing it by the cultivated plants. 

The biotic variable of the eco-system behaves аз а system of 
the lower order within the higher order eco-system. It has the 
components of plants and animals as the two variables or sub- 
systems (Figure 3.4). The various plant associations are interrela~ 
ted variables within the plant sub-system as shown by the linking 
larrows in the illustration. The plant sub-system (A) has broad 
&elationship with the animal subesystem (B). The biotic system is 


a medium biomass series. The variable of plant sub- 


normal as 
The truncated 


system is repeated in space in the extended series. 
series of the biota contain a narrow zone of the modified associa- 
tion of plants while the other associations are absent. The 
modified biotics series is composed chiefly of the modifed associa- 
tions, Man interacts in the eco-system to keep away other associa- 
tions. Some or all the variables of a normal biotic system operate 
along with the oversized modified association in the superimposed 
biomass series. Apparently the biota and the habitat series сап 
Бе interchanged without modification of the systems. It is the 
natural outcome of the biota and the habitat as the common 
variables of a single system, ie; the Khadar eco-system. The 
seriess of the two variables are given a common name of the 
Khadar series in the Khadar environment. 


The output of the biotic system is the variable size of the 
modified plant communities in the form of the cultivated crops 
ММ' (curve in Figure 3.1). The output corresponds with the output 
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of the habitat system indicating a close relationship of the two. 
The size of the modified communities is such as to vary between 20 
and 80 per cent of the total area of an inhabited village while the 
remaining area is either covered by the natural plant communities 
or is unavailable to plants. The area of the crops can increase to 
more than 80 per cent or decrease to less than 20 per cent where 
а village is uninhabited. Thus, the output of the biotic system 
is closely related to man in the eco-system. 


4 


Man at Population Level of 
Organisation in the Khadar 
Eco-system 


I THE INTRODUCTION 


Man is the focus of study in human ecology. He is а com- 
plex environmental variable related to himself and to the other. 
environmental variables. The relationships operate at the indivi- 
dual level but are better discernible at the population level. 
Population is an aggregate of the undifferentiated individuals It 
has some attributes which are summarised from the attributes of. 
the aggregating individuals but also has some additional attributes: 
not found in the aggregating individuals, e.g., sex composition, age 
structure and density. This chapter studies the attributes of the 
population of man as a variable in the Khadar eco-system. The 
variable has a spatial structure related to the habitat and biomass 
systems. As such man concentrates at the Bangar and disperses 
to the raised parts of a valley flat. The spatial structure results 
from the mechanics of distribution, Viz., dispersal to some positive 
areas which are favourable to man from the point of view of water 
supply. The spatial structure resulting from the pattern and the 
mechanics of distribution are constantly changing setting the 
dynamics ofthe distribution. Some of the patterns and changes 
cannot be explained by the normal Khadar processes. These are 
the disturbances in the population structure. The last section on 
conclusion summarises the salient features of the population asa 
system. 
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2: THE SPATIAL STRUCTURE OF POPULATION DIS- 
TRIBUTION 


(a) The Numbers. The individuals aggregating as a popula- 
tion are dispersed іп clusters, called clumps. Its spatial 
boundaries can be defined at some chosen scale. A population 
clump, at the lowest scale occupies the territory shared by a unit 
family. However, the family members may be widely separated 
from each other for any reason and the spatial boundaries of a 
family unit may not be easy to define. The territory for counting 
the individuals in an aggregate can more easily be identified at 
village or locallevel. A village level aggregate of population is a 
cluster of families. Thus, defined a clump is an aggregate of the 
individuals counted within a common boundary ofa village. 
Except where specified, a clump and a census village are synony- 
mous. Exceptions occur where a census village holds more than 
-one clump at different hamlets. However, neither the census date 
is available hamlet-wise nor the actual numbers of hamlets, often, 
"discovered during the field work, correspond to that reported by 
‘census, Under these constraints, each village is assumed to con- 
tain only one hamlet and population of a clump assumed to be 
-clustered at the site of main hamlet of a village. 


A clump has some attributes which are derived from the 
individuals aggregating as clump but are not part of the member 
individuals. These attributes are the integra) part of the clumps 
alone. Thus, an individual is always unit but the population has 
numerical variations. The variations can be measured in one 
dimension as numerical distribution or in more than one dimen- 


:sion as the density patterns. 


"The numerical distribution is the spatial variation in the 
counts of individuals in a clump forming the clump size. It forms 
he frequency distribution of clump size using the framework of 
the static Khadar habitat. The clump size has a wide range within 
.a Khadar tract, for example, Корга (G-022) with ‘the total of 2 
persons! and Agwanpur (G-081) with 5,099 persons are located 
respectively under the VFS and BES ofthe Ganga. The range is 
greater along the Yamuna with only 6 persons in Ahmadnagar 


Я. Based on 1971 Census. 
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Nawada (Ү-048), and 9,664 persons іп Chhprauli Т.А. (Ү-004) with: 
locations in BES alone. Тһе Hindon has smaller range in clump 
size with 73 persons in Afzalnagar Siti (H-059) and 4009 persons 
in Asalatpur or Faruknagar (H-065) under BES. The locations. 
under the valley flat sub-system have small size clumps while: 
Bangar-edge sub-system has the larger clump size. The size- 
disparity in the samples from the Ganga is shown in Figure 4.1. 
The valley flat villages East of the bluff line have size smaller than- 
100 persons, with three exceptions, while those under the Bangar 
edge sub-system in the West of the bluff line are larger than 500: 
persons with two exceptions. The disparity is less marked under 
the medium series (Figure 4.2). 


The numerical scatter of the clump size can be measured: 
better by the summary statistic of the arithmetic mean or the 
average. The average at the Ganga is 423 persons, while the 
average for the Yamuna and the Hindon is 1,805 and 1,152 persons- 
Tespectively. The prevalence of the small size in the Ganga tract 
can be explained by the numerical dominance of the valley flat 
villages over the Bangar edge villages. Barring the central valley: 
flat, the average size under VFS is much lower than the average 


under BES. 


The degree to which the mean value actually represents the 
degree of crowding in clumps can be measured by the mean 
variance ratio (Pilou).2 Where there is no dispersion, all values- 
would crowd at the mean and the ratio would be zero. The гайо- 
would increase as dispersion increases. The Khadar tracts have а. 

high degree of dispersion as the ratio is greater than 1 : 1000, where. 
the v ariance is greater than 1,200 in all the cases. 


Despite the variance, the numerical distribution is statistically 
normal About 10 per cent of the cases along the Ganga and 19 
per cent of them along the Yamuna have the clump size greater 
than the mean plus or minus standard deviation. A sampled 
population of a part of the valley flat of the Ganga shows a good: 
fit for normal distribution (Appendix C, Table 4.1). The values- 
greater than the range of mean plus standard deviation indicates 


2. Pilou, E C. ( 1969), An Introduction to Mathematical Ecology, New York,- 
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a large clump size while mean-minus standard deviation stands for 
a small size of a clump. 


The above mentioned measure brings out some significant 
regional variations. About 40 per cent of the clumps of thé 
Ganga Khadar tract are small with 288 persons or less in the size 
while only 10 per cent are large with 1,196 persons or more. The 
small clumps include the villages with zero size (i.e., the uninhabi- 
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ted villages) which are 23 per cent of the total of the census 
villages. The Yamuna has 10 per cent of the small and 15 per 
cent of the large clumps. The small size of the Yamuna tract 
contains less than 358 persons while the large size has more than 
3,432 persons. About 80 per cent of the clumps of the Ganga 
tract are located in the area under valley flat sub-system and are 
small while about the same proportion of the Yamuna includes 
the clumps located in the Bangar edge sub-system and are large. It 
can be generalised on this basis that the clumps in the Bangar 
edge sub-system are larger in size than those in the valley flat 


sub-system. 
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A working hypothesis can be raised on the basis of the above 
mentioned trend. In a random sample of clumps from the Khadar 
tracts, the probability of finding a large clump at the valley flat 
would be as low as the probability of finding a small clump at the 
Bangar where the size is measured asa fraction of the total 
population in a tract contained ina particular clump. If the 
relative number of large clumps is very small in a moderate size 
of the observed cases, the probability of finding а large clump іп 
the sample would be very low and approximate the poisson distri- 
‘bution, such as S 

mm" 
pr = (1) 
"where probability, pr, is the probability of occurrence of a large 
clump ; m is the mean density, ie. number of large clumps/total 
number of clumps in the sample, and the r is the proportionate 
size of aclump. The probability, pr (4) can be measured for frac- 
tional size r(i), 7=1, 2, 3,..., п. 


The hypothesis is tested in a sample of 81 villages of the 
-Ganga (Appendix C, Table 4.2). Тһе area has 17 villages where 
-clump size is greater than 0.6 of the unit population of the 150 
villages. The clump size expressed as the fraction of the total 
population of the tract, is called the fractional size. If the unit 
population as the aggregate of the all clumps is divided equally 
‘among the locational niches of the 150 villages each one would 
have 1.23 per cent of the total population of the set. The pro* 
bability of finding clumps with 1, 2, 3,.. ... ‚ 7 per cent would 
follow the probability distribution as shown in Table 4.2 of the 
Appendix C. 

The observed pattern fits well with the expected pattern. Only 
28.4 per cent of the clumps would have size greater than 4 per 
cent of the total population and 71.5 per cent clumps would have 
small size. The test confirms that there would be few clumps at 
the valley flat where individuals would aggregate forming the 


large fractional size. 


Significantly the large size is a derived parameter based on 
the probability model rather than being defined arbitrarily. As 
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most of the observations in the sample have fractional size of 1 

per cent or less this can be used as a Tepresentative size of the- 
valley flat sub-system. In contrast, the Tepresentative size of the 


areas under the Bangar edge Sub-system is more than 1 per cent of” 
the total population of a tract, 


mal distribution as tested 
earlier (Table 4.1, Appendix С). However, the actual values are 
not comparable On the other hand, the fractional values are not 
only comparable but also easy to handle. A sample of the dis- 
tribution of population in the Ganga Khadar tract is shown in 


mean is the average p 


a village at the centre. It is calculated by adding Population of a 


village in the centre with the populations of all those villages. 
ш 5һаге {һе boundary with the village under calculation. 
us, 


3. Boyce, R.B. and W.A.V. Clark 19 i i 
Geography, Geogr. Rev.,] 54, 561-1126), Ibid. (The Concept of Shape in, 
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the extended series of the northern Ganga Khadar tract in 
Mawana. An average for each of the habitat zone is derived on 
the basis of these villages and is plotted in Figure 4.3 in the form 
of a spatial trend line. The average trend-line is sloping downward 
towards the channel. The observed trend line shows a lump at 
Kunhera (G-016) located along the Meerut-Bijnore highway. It ге- 
presents a modified series. Slight rise in the trend line at Sherpur 
(G-020) is due to the fact that it is being affected by the receding 
meander while adjoining Parsapur (G-021) falls under the encroach- 
ing meander. The disparity in regional means with the habitat 
zones and Khadar series is given in Table 4.3, Appendix C. There 
is a remarkable drop of 251 persons as the size under VFS from 
517 persons in BES of the extended series. 


(b) The Density. The numerical distribution described above 
can be compared with the spatial distribution in multi dimensions. 
The dimensions used are length and width of the occupied area 
along with the counts of individuals in aclump. As such the 
spatial attribute of the area is used as a variable in the measure- 
ment of a clump size. There are two ways in which the spatial 
distribution is measured ; i.e., as the arithmetic mean expressing. 
the relationship between the gross arca and the counts of indivi- 
duals in contrast to the ecological density measuring the relation-- 
ship between the resource area and the count of the individuals. 


The arithmetic density is defined as the number of persons per 
The total population of a village is divided by the total. 

If all the areas had similar spatial attributes, 
n would correspond with area distribution 
of villages (Chapter 2). However. in the case of Ganga 
about 50 per cent of the villages have the arithmetic density of less. 
than 100 persons per square kilometre though area increases from 
about 100 square kilometre to more than 3,000 square kilometres. 
Barring a few exceptions the density along the Ganga stays 
below 300 persons рег square kilometre. The density along the 
Yamuna in 47 per cent of the villages is between 300 persons to 
500 persons per square kilometre and only in 13 per cent of ће: 
villages it falls to 100 persons or less. Incase of the Hindon, 45 
per cent of the villages have density greater than 100 persons per 
square kilometre, and only in 10 per cent cases it drops to less than 
100 persons to equate with the Ganga. Thus, the Ganga dominated: 


unit area. 
area of the village. 
density distributio 
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: Spatial Trend Line Of Popuration Distribution 
In Northern Ganga 
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by the extended and medium s 
metic density while the Yamuna i 
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must show similar relationship. The correspondence of the two is 
examplified by the Ganga which has the representative villages 
from all the habitat zones. It is plotted in Figure 4.4 based on 
the averages of the each zone along the Ganga. Asis clear from 
the illustration the arithmetic density declines to about one-fourth 
from the Bangar edge of the extended and medium series to the 
valley flat along the encroaching meander. Decline is rapid from 
the Bangar edge but shows a phenomenal increase at the central 
valley flat of the middle terrace running along the Mawana-Bijnore 
highway. The Yamuna and the Hindon lack the complete list of 
habitat zones hence the corresponding study of the two Khadar 


tracts is not presented here. 


The use of gross area for analysing the arithmetic density is- 
based on the assumption that the total village area is the area 
available for man’s interactions. However, it is an empirically 
derived fact that man does not come to occupy а space and initiate 
ecological interactions, unless he can obtain the minimum of 0.25 
acres of cultivated land per person as in 23 per cent of the villages 
which are now clumps of the Ganga Khadar tract. Man holds on 
to the space, and perpetuates the interactions, only when and 
where he can obtain about one acre of cultivated land per person 
as in 52 per cent of the villages with 1/2 to 1 acres per person. 
The average size is termed the carrying capacity of land to support 
man for ecological interactions. The counts of the individuals. 
may exceed ог lower relative to the carrying capacity of land 
standardized as one acre of cultivated land per person. 


The density of man measured with reference to the carrying 
d is the ecological density. Itis expressed as the 


number of persons per acre of cultivated land. As stated above in 
about 52 per cent villages the ecological density is about one per- 
son per acre of the cultivated land but can more conveniently be 
expressed (or reversed) as acres per person. The density variations 
correspond w wnin Figure 4.5 plotted 


capacity of lan 


ith the habitat Zone, as sho 
for the Ganga Khadar tract. 
As shown in Figure 4,5 the ecological density is about one 


person per acre of cultivated land in the Bangar edge villages. The 
density lowers with increasing dominance of the Khadar processes 
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апа decreasing share of the Bangar in BES. The'trough zone, 
indicating the termination of the Bangar processes, has very low 
density where each person can have about 3 acres of the cultivated 
land. There are places such as Daulatpur or Malipur (G-032) 
where each person has 4.83 acres of cultivated land. The drop in 
density is more than compensated by increase іп the VFS covered 
by the central valley flat of the Ganga. There is the average of 
aboüt half an acre of land per person in this zone including places 
such as Manpur (G-005) with 0.06 acres and Latifpur (G-046) and 
Tarapur (G-008) with 0.18 acres. Thus, the density becomes 
double the average size of the villages of the BES under the 
superimposed series. There is slight decrease in density 
at the valley flat along the channel though is maintains the diffe- 
Tence between the encroaching and receding meanders. Thus, Bela 
(G-001) with encroaching meander has only 0.18 acres per persons 
in contrast to Kharkali (G-086) further south which has 31.96 
acres per Person and Bhagwanpur Khadar (G-104) still further 
South with 54.37 acres of cultivated land Per person. 


a village settlement, There is loss of land but man continues to 
occupy the village due to inertia. This raises the ecological den- 
sity as in the case of Bela mentioned above. 


ng the study of field work. 


Exceptionally high and low ecological density can also be 
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generated by man-made cultural factors operating in the Khadar 
habitat. The effect is noticeable in the Khola zone and in the 
-valley flat linked to some Jine of circulation viz., а highway. Gully 
erosion can lead to total loss of cultivated land turning a village 
uninhabited. However, if some land is recovered, man may not 
return to the village as the area remains physically unapproachable 
.due to deep ravines. Man lacks social and physical security and 
would not risk living in such areas. This keeps the ecological 
density low in the Khola zone é.g-, Saidullapur (G-100) with 59.33 
:асгеѕ of cultivated land per person. It may be noticed that the 
-density had not changed even at the time of field work about four 


“years later. 


The contact of a highway has the reverse effect of raising the 
ecological density- It increases man’s physical and social contact 
and can provide greater physical and social security. In some 
cases, small villages with less security are abandoned in favour of 
these road-link villages. This raises the ecological density of road- 
link villages at the cost of surrounding villages. Thus, Latifpur 
(G-046) along Mawana-Bijnore highway is surrounded by the 
number of uninhabited villages, Уі2., Seemla (G-056), Khirjapur 
(G-051), Gokalpur (G-036), Dabkheri (G-018) and Rupra (G-022). 
It shelters man from the surrounding villages specially during 
inundation and has only 0.18 acres per person. 


The effect of the highways is particularly noticeable in the 
Some of the Khola villages, 6.8.» Asifabad (G-091) 
апа Nimka (G-082) are linked to a large number of villages in the 
valley flat, as well as to villages and town of the Bangar. Man 
displaced by а meander sweep takes shel 
the ecological density of these exceptional vill 
zone. Asifabad and Nimka in Mawana comma: 
valley flat of the ext 
Aidalpur (G-080) in 
‘South. It raises the eco! 
have only 0.4922 acres in Asi 


Khola zone. 


fabad and 0.4599 acres in Nimka. 


ological density can be graded 
be recalled that the arithmetic 
w similar gradation like the 


The spatial variations in the ec 
bitat zones. It may 


along а hal 
density and the regional means sho 
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Khadar biota (Chapter 3) also is graded alongthe habitat zones. 
The numbers of spatial units in Figure 43 are the grades of 
environmental gradient. The gradient is highest at the Bangar 
edge under BES and lowers towards the channel under VFS. It 
is inversely related to the potential of inundation shown by the 


inundation curve in Figure 4.5. Тһе trend can be explained by 
the mechanism of population distribution. 


3. THE MECHANISM OF DISTRIBUTION 


The initial location of man and his subsequent aggregation 
forming a clump in Space results from the mechanics of distri- 
bution viz,, dispersal. Man's PSychological constraints contrasted 
With his mobility, enable him to disperse to any Spatial segment of 
land that has provision of at least a moderate supply of water. 
Such segments are positive niches available for man's dispersal. 
They are surroünded by the negative areas with excess or defi- 
ciency of water under the valley flat and Bangar edge Sub-systems. 


The negative areas under VFS are those which have а natural 


water supply in excess of man’s capacity to use, The excess. 
and the ensuing negation, 


Temporary negative 


Tendering it useless for man’s occupation. Makhdumpur (G-062) 
in Figure 4.2 is Such an example. Land emerges back after the 
available for man's Occupation 
areas under VFS are associated 
Itisa prévalent attribute of the trough 
ant water can occur at the valley flat 
these depressions may be shallow enough 


Once again. Permanent negative 
with Stagnating water, 


The negative areas under BES are those 
physiological drought (Chapter 3). 
by excessive slope and water 
used by man as well аз by pla 


Suffering from the 
Most of the land is covered 


drains off Tapidly before it can be- 
ats. Water table drops so low that 
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water cannot be lifted manually from the sub-surface. Surface 
water bodies are lacking. Some areas may contain a natural or 
man-made drain but water surface is too low to be used con- 
veniently by man. These areas remain negative as long as the 
attribute of space in terms of water remains unchanged. Kiratpur 
(G-098), Badshahpur (G-099) and Ibrahimpur (G-101) in Figure 


4.1 are examples of such negative areas of the Khole zone. 


The list of the negative areas is given as uninhabited villages 
in Appendix C, Table 4.4. Asis apparent most of the negative 
he trough and Khola zones (shown by zero 


areas are located in t! 
clump size in Figure 4.1). There are not many temporary unin- 
habited villages along the channel as these negative areas are 


temporary. On the whole, uninhabited villages are fewer along 
the Yamuna where Khadar tract is less developed. The number 
iseven smaller along the Hindon where tbe Khadar has a very 


limited development. 

The rhythmic occurrence ofthe negative areas is the integral 
part of Khadar eco-system. However, there are some perceived 
s which lack the attributes associated with the nega- 


he Khadar environment, yet remain uninhabited. 


tive areas in t 
These areas may have developed the negative attribute at some 
ation even after the spatial 


time but man did not revert to its occup: 
attributes had changed. Thus, Khandwari (Y-023) North of 
Baghpat along the Yamuna, and Sikari (H-027) in Meerut along 
the Hindon also fall in this category. On the other hand, there 
may be human clumps located in the negative areas, specially 
where deep gullies penetrate almost into the dwellings of man. 
These are the anomalies in the negative areas forming a reminis- 


cent settlement Chapter 6). 


negative area 


The negative areas located anywhere forma small pocket in 
an otherwise contiguous positive niches available for the location 
of a clump of man. A Khadar tract may be viewed as a collection 
of an infinitesmal number of the positive niches though only very 
few of these niches are actually occupied by the clumps. As 
such location of the occupied positive niches would have the. 
poisson probability distribution and the ensuing spatial pattern 
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can be analysed as the R-index of tne nearest neighbour (Clark 
and Evans)! The index for the Ganga tract is 1.005 indicating a 
random distribution. The corresponding work for the Yamuna 
and the Hindon is of little Significance as most of the nearest 
meighbours are located either deep in the Bangar or across the 
channel. These are Telatively dry niches under VFS asis clear 
from the abundance of clumps at the middle terrace in Figure 4.1. 


No such apparent link is visible on the map for the clumps in 
the BES. 


The chosen positive niche results partly for the factor of dis- 
persal and partly from the mechanism of behaviour. Asa 
biological species man’s behaviour is adjustable to the attribute 
of water as prevails in the Khadar. Individuals aggregating as a 
clump must adjust to the periodic inundation of land otherwise 


involuntarily be moved out by better adjusting man through com- 
petition. 


The competition for choosing a positive niche occurs among 
the undifferentiated member individuals ofa clump. It acts as 
*conomic or social Stress. Economic stress is also called popu- 
lation Pressure. A clump size may be too big to be supported 
by local availability of the resources, The individuals, or the 
families, lacking support of any local resource, e.g., agricultural 
land, move out under competition of those who own some local 
resources. Some of the individuals may move out to be able to 


have the resource Size larger than they possess or to substitute 
their resources with others, 


present economic stress can be traced in Ramp 


ur or Niamatipur 
(G-130) where migrants from 


the Punjab and Delhi have 


4. Clark, P.J. and Evans, F.C. (1954), Distan 


А $ pee се to Nearest Neighbour as a 
Measure of Spatial Relationships in Populati y 


Ons, Ecology, 35, 445-453. 
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recently settled after the original Mallahs of the village sold 
off their land to others. Saidullapur (G-100) and Kiritpur (G-098) 
which appear as new clumps (Figure 4.1) in 1971 Census, are 
inhabited by individuals seeking argicultural land which they 


lacked elsewhere. 


The competition as social stress may act in the initial or 
‘subsequent years. Many Harijans in VFS of the Ganga and the 
Yamuna must have initially moved to these areas under social 
stress of untouchability. Many Brahmins of the area must also 
have occupied the area under social stress, seeking lonely place for 
meditation. This has resulted in villages such as, Illaichipur 
(Y-045) along the Yamuna and Manoharpur (G-042) along the 
‘Ganga as the exclusive Harijan villages, to quote only a few cases, 
while Kutubpur (G-114) along the Ganga remains an exclusive 
villages of the Brahmins. Caste preferences continue to play a 
role in the distribution of man even in later years. Thus, Bagwala 
ог Tarbiatpur Janubi (G-095) in VFS of Mawana sheltered two 
Saini families from the neighbouring Tarbiatpur Shumali (G-088) 
when the latter- was largely submerged by the meander encroach- 


ment of the Ganga in 1975. 


The competition may also appears asa political stress, 


Thus, Bhadwi (G-044) in VFS of the Ganga has been settled by 
the refugees from Bangladesh under some policy of the adminis- 
tration, It appears as a new village in 1971 Census. 


The competition goes along with symbiosis. The individual 
members of a population clump benefit each other through their 
interactions (Community Organisation, Chapter 5). There is 
also certain degree of symbiosis between the biota and man’s 
population. Man’s population interacts with the environment 
in such a way as to modify the natural vegetation of the area 
maintaining a limit of modification (Chapter 3). The environ- 
mental variables would be completely altered in the absence of 
‘such a limit and the related eco-system would terminate. 


4. THE DYNAMICS OF POPULATION 


aclump multiply with time so that the 


The individuals of 
While the number of births add to the 


population grows in size. 
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population, death has a punitive effect. The balance of the two: 
gives the natural growth of population. It can be modified by 
the factor of migration. The growth of population is the com- 
bined effect of the two factors and is studied as the dynamics of 


the population change. The two factors can be studied separa- 
tely. 


(а) Natural Growth. The natural growth is the difference: 
between births and deaths at a time and place. Time units are 
USed as the denominator to obtain the growth rate per year. 
Growth is dependent on some population parameters, The funda- 
mental population parameter is the sex composition. Tt is ex- 
pressed as female-male ratio of a population. It is nearly a cons- 
tant in space and time. There is the average of 46 females in a. 
population of 100 persons based on the 1971 Census. 


The slight deviation from the average pattern is corrected in a. 
Short period of time except in two cases. The marked deviation 
in female ratio can occur in areas where a clump is beginning to 
be formed, identified as an uninhabited village in the previous 
census year and having a very small clump size. Thus, Saildulla- 
pur (G-100) has no female in a total population of 3 persons. It 
appears as a new village in 1971 Census (Figure 4.1), being un- 
inhabited in the previous census. So is the case at Ropra (G-022) 
with 2 persons, Kutubpur (G-1 14) with 5 persons and Aidalpur 
orParshadipur (G-120) with 14 persons. Some, like Ropra and 
Aidalpur, are located in the valley flat sub-system, while the others. 
are located in the Khola zone of the Bangar edge sub-system. 
Even when a small clump contains some females, the ratio is very 
low. Thus, Bhagwanpur Khadar (G-112) is a new clump with 12 
per cent females in total Population of 8 persons. A small change 


in numbers can tilt the balance as Jalalpur Raunkali (G-012) 
near Hastinapur which has 5 


The sex composition affects the nat 
age structure. It describes the size о 
different age levels. 


ural growth through the 
f population in each sex at 
In the absence of the Census data at a village 


“Man at Population Level of Organisation 85 


Jevel, age structure and the subsequent population parameters are 
based on the field study of the sample villages from the three 
Khadar tracts. Age years аге grouped to compute many other 
population parameters which are expressed in the form of life 
tables (Lotka). The life tables for some ofthe sampled villages 
of the three Khadar tracts is given in Appendix C, Table 4.5. 


The first computed parameter in the life tables is /x. or, the 
numbers of females surviving at start of age interval x. Numbers 
in the first age groups are taken as l. This column is used most 
"frequently in life-table. The 1х column is actually the probability 
-column such as the probability that an individual at age x will live 
.an additional л years, is 

m" З .. Pr(alive at x+h and at x) 

Pr(alive at x4-h[alive at 3)——  Pralive at - @ у 

_ Pr(alive at x+h) 
Pr(alive at x) 


_ P(x+h) _ 
Bi =hp(x) 


The [х columns show that the size of the female population is 
-maximum in the age group of 10-12 years in the sampled villages. 
It is low in the early categories as female infant mortality is high ; 
the size declines after 10-12 years of age as well. Reduction in 
-size is by way of marriage and exodus from the village. This is 
some what compensated around the age group of 15 years when 
‘brides arrive from other villages. Numbers decline constantly 


‘thereafter. 


The female numbers and the 1х columns makes it clear that 
the females born at the valley flat are married off at an early age. 
The male counter parts are married at later ages, therefore, there 
is a gap between the exodus and the arrival through marriages. 
"This was remarkably so іп Hadipur (G-040) which was in the 
process of rehabilitation after being washed away by meander 
encroachment in 1976. Outside the valley flat sub-system 


5. Lotka, A.J., 1907, Studies on the Mode of Growth of Material Aggregates, 
Amer. J. Sci., 24, 199-216. 
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disparity among the outgoing and incoming brides was not: 
noticed. 

The next parameter in the 


life tables is the birth by age оҒ 
mothers, or the age specific bir 


th rates’ mx. The significant 
ables is the very early reproductive age: 
ilages. In some villages of the valley 
ortedly started Teproducing at the age 
productive period continues to be about 
Early Teproductive age is not common 


Sub-system. Thus the Yamuna tract has. 
Hindon has none. 


of women in the sampled v 
flat sub-system women rep 
Of twelve years. The re 
fifty five Years of age. 

Outside the valley flat 
only one such case, the 


Birth by age of mothers forms a smal] rate in th 
groups. It increases to the maximum around the age group of 
thirty years and declines thereafter. Not very many procreate till 
the age of 45 Years, but those who do normally have a high 
Teproductive value, 


e initial age- 


around 
Reproduction 


fluence of Delhi, 


It is conventional to deriy 


the start of age X', from /x a 
life, such as 


€ mean expectation of life, ex, at 
nd mx as the average expectation of 


Where, 
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years and low іп earlier and later years. Mean expectation is 
generally low at the valley flat and increases at the Bangar edge. 


Analogous to the ex-values is the survivorship curve. It сап 
be drawn straight from the /x-values. There are three types of 
hypothetical curves. Type I has relatively uniform number of 
survivors till the later age groups. Number of survivors end 
abruptly at the end of age groups (Kakor and Ilaichipur in Figure 
4.6). This type of curve is not common in the Khadar areas. 
Type II curve has steep but uniformly declining number of survi- 
vors with increasing age. This type of curve is typical of the 
Yamuna and the Hindon Khadar (Goripur and Khanpur in 
Figure 4.6). It indicates a constant rete of mortality independent 
of age. Type III curve is most common of the Khadars of the 
Yamuna and the Ganga. The only exceptions are Kharkali 
(G-086), Jalalpur Zora (G-041) and Mirzapur (G-078). The curve 
is L-shaped (Subhanpur and Mirpur Sadho Nagla in Figure 4.6) 
and indicates high loss in early life, followed by a period of lower 
and relatively constant losses. It follows the period through and 
immediately after an meander encroachment. The curve flattens. 
out at the age group of 20 years or 50. 


There are some population parameters which are derived 
from the above mentioned variable. One of them is the net 
reproductive value or, Ro. The Ro value describes the mean 
number of off-springs per female. This is derived from the actual 
age and sex distribution of the population. Thus, 


с 
Ro-=(Ix) (Үх)-- ae 
= 


where Vx—(Ix) (Mx) ; Ix, Mx, values being the same as before. 

The net reproductive rate in the VFS along channel is four 
increasing to seven at other places. The net reproductive rate 
ranges between seven and nine offsprings in the Bangar edge 
Sub-system where the Kbadar environment isthe least. This is 
common for the superimposed and the truncated series, e.g., at 
Goripur (Ү-020) and Kheri Padhan (Y-012). 
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The villages along the Hindon have a medium value of Ro. 
They represent the superimposed series and have the additional 
feature of being well connected to a large number of towns, e.g., 
Ghaziabad, Moradnagar, Modinagar, Baghpat, Baraut, Sardhana, 
and Meerut (Figure 1.1) The urban influence has already been 
described in context of mx values. It indicates that urban environ- 
ment modifies the environment as the modified interrupted Khadar 
(Laliana Rampur or Niamatipur in Figure 4.6). 


Ro value is used for computing another population parameter, 


G. This is the mean length of generation or mean gestation 


Le., 


g= CO (x) (mx) — (1x) (mx) (х) 
(Их) (тх) 7 Ко 


С values describe the average period that lapses between the 
age of mothers and daughters when they start reproducing. Mean 


generation length is less than 30 years in the VFS of the valley 
flat along channel and higher elsewhere. 


The Ro value and the G value are used to compute the value 


of the innate capacity to increase or the intrinsic rate of natural 
increase, i.e., R 


m. This rate is the net effect of given environ- 
mental conditions. Thus, each village would have its own Rm 
value, 


The parameter Rm 


. log e (Ro) 
= S 


Because the generation time, G, is an approximate estimate, the 
value of Кт also is an 


approximate estimate when the generations 
overlap, 


The innate Capacity for incr 


ease can be determined more 
accurately by solving the formula 


derived by Lotka (1907, 1913).5 
= 


E -Кт (x) (Ix) (mx) 
e =] 
x=0 


6. Ibid. 
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By substituting the trial values of Rm, the actual value of Rm can 
be simulated. Usually the simulated and the estimated values of 
Rm аге not very different from each other (Krebs). It is observ- 
ed that the Rm-value is lowest, i.e., less than .04, at the valley 
flat along channel, but increases towards the Bangar. At the 
Bangar edge it tends to be greater than 0.05. 


The caste also is associated with the Rm parameter. Low 
Rm values at Subhanpur (H-040) and Sothari (H-041) along the 
Hindon may be associated with the schedule caste even though 
they are part of the modified series. 


The Rm value is used for computing a theoretical distribution 
-of age and sex, called the stable age distribution, This distribu- 
tion shows the proportion of population in an age group if popu- 
lation were changed at a relatively constant rate. 


The computation of the stable age distribution involves the 
use of the intrinsic rate of the population growth, i.e., Rm, parti- 
-cular of the given enviroment. Basic assumption behind the 
‘stable age theory is that population in these areas grows ata 
geometric rate, ї.е., while the size increases rapidly rate of growth 


increases only slowly. 


Stable age distribution is defined as 


Cx-- proportion of organisms in the age category x to x+1 
ina population increasing geometrically. 


Mertz (1970) has shown that 


x Іх 


€ = 
SEXT 
i=0 


7. Krebs, Ibid., un 

D.B., 1970, Notes on Methods Used in Life History Studies, pp. 

8. M in Readings in Ecology and Ecologied Genetics, ed. by J.H. Conn] 3 
DB. Mertz, and W.W. Murdoch, Harper & Row, New York. 
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where 
A=eRm=finite rate of increase, 
Ix-:survivorship function from life table, 


x, i—subscripts indicating age. 


The Cx is calculated for each age group for all the sample 
villages of the three Khadars. This theoretical distribution Cx (i) 
is plotted against the actual /x values. It is shown as the popula- 
tion pyramids in Figure 4.6. Sampled from the three Khadar 
tracts, the pyramids represent the four types of population growth. 
Stable populations are ever-expanding and are common under 
BES as at Goripur (Y-020) and Khanpur (Y-014). The stationary 
populations have a negligible rate of growth, and prevail at 
Bangar edge being eroded by the channel at Kakor (Y-007) and 
Ilaichipur (Ү-045). Rigorous encroachment by channel at the 
Bangar edge or the valley flat results is declining populations as 
at Subhanpur (Н-040) and Mirpur Sadho Nagla (G-085). Inter- 
tupted pyramids are partly the result of meander sweep and also 
partly of the urban influence under migration factor as at Laliyana 
(H-037) and Rampur or Niamatipur (G-130). 


(b) Migration. The migration from the Bangar edge to the 
valley flat is responsible for the initial inhabitation of the flat. It 
is initiated when the flat is widened enough to accommodate а 
Settlement. The process can also be reversed by meander 
encroachment under some conditions, e.g., when a village is getting 
submerged, a clump is abandoned. Population moves out to the 
safer places and such villages show 100 per cent decline (D in 


Figures 4.1 and 4.2). 


The village which receives refugees from one or some such 
villages, shows exceptionally high growth rate in an area of the 
small growth rate or declining growth. When conditions improve 
in the nest few following years, some or all the inhabitants may 
return to the old abandoned village, creating a new village (N in 
Figures 4.1 and 4.2) in VFS. The out migration from the flood 
hit area is more than the return migration. This hypothesis is 
incorporated in the census records. 
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The field observations revealed .that the migrating persons 
‘show caste preferences in choosing a shelter village. Some families 
from the submerged villages settle down in a neighbouring village 
having the population of its own caste. For example, Tarbiatpur 
Shumali (G-088) was washed off in 1975 rains. The Saini of the 
village joined the Saini Community of Bagwala or Tarbiatpur 
Тапшы (G-095). The Harijans of the ill-fated village joined the 
harijan majara (hamlet) of Rambha Nadallipur or Bagwala (Figure 
4.1). Others went over to Asifabad (G-091) or other Kholas. 
Similar caste preferences were Shown by the families dispersing 
from the river hit villages of Mirpur Sadho Nagla (G-085) and 
Kharkali (G-086) located further North in Mawana. 


The return migration from the Kholas showsa definite 
pattern. Some individuals from the Bangar return to their own 
land as soon as their land re-emerges from water. As land emerges 
‘slowly return-migration is low. Meanwhile, many owners are not 
able to wait so they sell off their land and move out from the 
Khadar habitat. The buyers form the return migration. At 
times these new migrants may be more in numbers than the origi- 
nal inhabitants. A village may be baptised with a new name. 


Multi-named villages are common along a channel whether in 
VFS or in BES. 


Gujar village of Mahumdabad (G-089) 
from Kharkali (G-086).. The settlement 
d in early 1970 when all the villagers left 
When the river receded, the domi- 
5 returned to a new site at Kharkali, 
There are such large number 


mpur (G-045) viz., Kishanpur 
0900), Жорға (60%), Ара: Мирырт (Соо) тш 
-Paharpur Qutub (G-050) with Sikh khatris alone, 
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A distinct growth pattern emerges ‘on the basis of the two 
growth factors of the natural growth and migration, It can be 
measured based on the numbers alone. Thus, the growth of a 
population, N, at a time, 704-1, is the difference, Nd, in its size, 
п, between the time То and 70--1. The difference is converted 
to a fraction of the size of population at the initial time, To, to 
make the two figures comparable. This is called the relative 


growth. It has been plotted in Figure 4.7 for the three Khadar 


tracts for the years 1961-71. 


The three Khadar tracts show definite trends (Figure 4.7). In 
most of the villages the relative change of population (1971-1961)/ 
61 shows an increase between 20 per cent to 30 per cent per 
decade in the three census decades. The average growth rate 15 
25 per cent per decade. The curves show a break at mid-point 
of 55 per cent. In 94 per cent of the villages of the Hindon tract, 
the relative growth has been less than 60 per cent between 1961-71. 
The corresponding figures for the Yamuna and the Ganga are 75 
per cent and 67 per cent. It may be recalled that some villages. 
along the Hindon have very big size of population. The size is 
less frequent along the Yamuna and the least along the Ganga. It 
can be concluded that when the size of population becomes larger 
te becomes lower, and the vice-versa. Тһе correla- 
tion between the two variables for the Ganga, Yamuna and the 
Hindon tracts show the coefficient values of —0.68, —0.65 and 
—0.68 respectively. The trend of decreasing rate with increasing 


size is called the Allee’s principle (Allee et al., 1949).° 


the growth ra 


The Figure 4.7 also reveals that there are large number of 
villages with hundred per cent growth, or decline. They are 
located at the valley flat along the Ganga channel associated with 
the natural economic or other stresses mentioned above. The 
attribute is less marked іп the Census decade of 1971-61 than in 
1961-51. The decline of 100 per cent shows depopulation or 
abandoning of a village while 100 per cent increase shows 
appearance of a new clump. New clumps are uninhabited in the 
previous census year (N in Figures 4.1 and 4.2) They are also 


9. Allee, W.C. ; Emerson. A.E., Park, О. : Park, т; and Schmidt, K..1P9 4,9 
Principles of Animal Ecology. Sanders, Philadelphia. 
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BES (Figure 4.2 and Table 4.4), 
are those which have phenomenal 
the clump size. Thus, Latifpur (G-046), 
(G-082) and Agwanpur (G-081) are some 
high rates of increase or decrease during 


Asifabad (G-091), Nimka 
of the Villages with very 
the Census decades of 
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1951-61 and 1961-71 along with host of new or abandoned villages 
-as shown in Table 4.4. 


The marked deviations in growth rates create the pheno- 
menon of shelter village as an attribute of population in the 
Khadar environment. These arethe villages which shelter man 
from the surrounding areas, providing safety either from 
meander encroachment or any other environmental variable. 
‘They are marked by more than the average increase in the growth 
rate and may be followed by similar decrease in another year. 
Increase and decrease depends on the timings of a meander 
encroachment and the recession and may not correspond to a 
census year, therefore, the statistical evidence from the census 


cannot be provided. 


The occurrence ofa shelter village at any time may show 
а spatial shift downstream as meanders move downstream. These 
villages have the supporting attribute of high ecological density 
caused by the individuals aggregating from the neighbouring 
areas of a meander encroachment while its own size of the cul- 
tivated area remains unchanged. There isa similar increase in 
the arithmetic density. The clump size of the shelter village may 
be larger than the average of the surrounding area. 


As ап example, Latifpur (G-046) acted as a shelter village 
during 1971 Census, The clump size is recorded as 1970 persons 
against the average of 241 persons in the VES of the Ganga. It 
has arithmetic density of about 833 persons per square kilometre 
and ecological density of 0.180 acres per petson against the 
average arithmetic density of 241 persons/square kilometres and 
average ecological density of one person per acre. Its total popu- 
lation changed from 1,469 persons in 1961 to 1,940 persons in 
1971 showing the growth rate of +32 per cent per decade against 


the average of 25 per cent. 


The shelter villages are generally located at places having 
easy connectivity with the areas needing shelter and are essenti- 
ally safer from the threatening havoc of inundation than the 


Villages seeking shelter. When the threat is posed by a meander 


€ncroachment, safety is provided by the villages in BES. Caste 
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preference may also be a factor in choosing a village for shelter, 
though the number of persons seeking shelter in a village on the 
basis of caste is always very small. The caste based migration to 
a shelter village does not affect the growth and density pattern of 
the shelter village. 


5. THE CONCLUSION 


The population of man as an environmental variable is a 
cluster of individuals aggregated as a clump at some chosen spatial 
scale. Scale can be local, confined to a census village and environ- 
mental, representing the summary or aggregate from the census. 
villages stretched over all the spatial segments within the environ- 
ment. А clump, at any chosen scale, has the variable attribute 
of size measured in one or more dimensions. 


Measurement of clump size in one dimension yields the average 
size of 250 persons in the valley flat sub-system of the Ganga repre- 
senting the extended series while the VFS of the Yamuna repre- 
senting the medium series has the average size of 500 persons. 
The Bangar edge sub-system has larger size, being greater than 
1,000 persons in the superimposed series of the Hindan and the 
Yamuna, though the truncated series has small size of 370 persons. 
only. Absolute size can also be measured as regional means. 
(Figure 4.3) which is the trend analysis of the size, moved over 
Space. Regional means and the average size distribution corres- 


ponds to the environmental gradient evolved in the previous. 
chapters. 


Measured in more than one dimension, clump is the variable 
of ecological density expressed as the numbers of persons per 
unit area of cultivated land. Average ecological density at 
environment level is one Person per acre of cultivated land though 
it fluctuates widely at the village level. The density is higher in 
villages under BES with less than half an acre of the cultivated 
land. They give shelter to man located in villages of the encroach- 
ing meander, The place of refugee isa Shelter village, located 
often in the Khola zone of the BES but occasionally in the 
central valley flat of the VES. Correspondingly, the ecological 
density of the villages with encroaching meander, generally located 
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in VFS, is very low so that one person tends to have more than 
ten acres of cultivated land. 


The variable of clump size at any chosen scale changes 
through the process of natural growth and migration factor. The 
Parameters of natural growth, e.g., sex composition and аре 
Structure, are expressed in the life tables, as in the case of the- 
Sampled villages along the three Khadar tracts. The salient. 
features of the life tables is that the average number of offsprings. 
Per female in the VFS of the Ganga is four, but seven along the 
Hindon and nine along the Yamuna. This brings the average in 
Khadar environment to seven persons The family size and the 
other population parameters are such that most of the villages. 
show stable population growth marked by the average increase: 
9f 25 per cent per annum (AA’ in Figure 4.8). The growth rate 
decrease to zero at V' in the villages along the channel operated 
by the VFS, followed by a rise in the growth rate to infinity 
With the formation of a new clump at V, after the meander starts 
Teceding, The changes in the growth rates are absorbed by an 
accelerated growth rate at the shelter village when a valley flat 
village undergoes a decline followed by a rapid fall in the growth 
ся of the shelter villages with the return of the refugees (B, in. 

ig. 4,8). 


The attributes of population clump studied at the village 
level can be used to summarise at the environmental level assum- 
ing that the environment itself is an aggregate of villages А. 
Section of the environment is a slice of a Khadar tract extending 
from the VFS along the channel to BES in the Bangar. The size: 
and density variations of the clump at the environmental level are: 
shown in Figure 4.4. Simultaneous spatial changes in the growth, 
Tates are shown as growth spectrum in Figure 4.8. The spectrum. 
combines the counter current of growth rates located in different 
Spatial segments of the environment though occupying a common: 


temporal unit. 


The growth spectrum of population clump expresses the: 
environmental variable of man as population system (Figure 4.8). 
The system is composed of the variable of clump size, V, V;, V, 
and В, B,, В, in Figure 4.8 measured in terms of the numbers or 
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density. The variable of clump size in turn is composed of the 
natural growth and migration factors as two sub-systerms related 
to each other through feedback relationship. The energy input 
for running the population system is provided by the carrying 
capacity of land that combines the out habitat and biotics systems 
so that the modified plant communities over the cultivated area 
of the habitat provide the capacity and the initial attraction for 
the location of man and his subsequent aggregation into a clump. 
‘This capacity is the carrying capacity of land expressed аз pre- 
valent ecological density of one person per acre of the cultivated 


land at environmental level though there can be wide fluctuations 
at village level. 


The output of the population system is the variations in the 
degree of crowding at a clump with respect to ecological density. 
The system can produce a balanced ecological density or have 
ever-crowding so that there is less than one acre of cultivated land 
per person, e.g., in the shelter villages. There can be the output 
of under-crowding so that a village, viz., those with meander en- 
croachment has more than one acre of land per person. The 
output of population system affects the input through the feed- 
back system to that carrying capacity also increases with increas- 
ing clump size. This is apparent from the fact that size of the 
cultivated areas remains more or less constant while the clump 
Size has always been increasing. Thus, AA’ in Figure 4.8 
represents the variable input of carrying capacity increasing with 
‘time, just as it represents the variable of man at population level, 
measured at the environmental level, 


The output shows large 
fluctuations under the urban influence al 


ong the highways. 


5 


Man at Community Level of 
Organisation in the Khadar 
Environment 


I. THE INTRODUCTION 


The individuals aggregating in human clumps are grouped into 
the classes according to some differentiating attributes. The 
classes are populations. The populations can have a degree of 
inter-dependence and share a common territory forming a 
community at an arbitrarily chosen spatial scale. This chapter 
includes a human community as a variable in the Khadar system. 
It can operate at three spatial scales, viz., organismic, operating at 
family level ; local, operating at village level ; and environmental, 
Operating at the environmental level. The populations in a commu- 
nity, at any chosen scale have their own attributes. A community is 
Structured with different populations. The interdependence among 
Some populations sets the functioning of a community. The changes 
in the structural components and the ensuing relationships form 
the dynamics of the community organisation. The conclusion 
summarises the community organisation as a system. 


2. THESTRUCTURE OF COMMUNITIES 


The communities are structured with the apparent and general 
Populations. Apparent similarity among individuals is used to 
8toup them into apparent populations. As such, a community is 
treated as the universe (Harvey)! composed of the apparent popula- 


1. Harvey, ibid. 
99 
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tions. The structural relationships among the individuals or their 
groups is used to divide an aggregate logically into the general 
populations. As such, a community is a genus (Chorley and 


Hagget) divided into genera of populations, ie., general 
populations. 


(a) The apparent populations are the aggregates of individuals: 
with similar attributes which are perceived as the integral part of 
individuals and are considered irreversible, i.e., once attained the 
attributes cannot be changed in the life time of an individual 
without disturbing his social set-up. These attributes are largely 
inherited though they may also be acquired. Three differentiating 
attributes are used to group individuals into the apparent popula- 
tions. These are the attributes of religion, caste and literacy. 


Religion is a strong differentiating attribute as perceived by 
man. Individuals of the same religion are aggregated as a single- 
category of population. The prevailing population of the three 
Khadar tracts is composed of the Hindus. They form mono- 
population communities at village level in most of the cases though 
there are villages like Sarangpur (G-109) with Muslims alone, 
Mamipur (G-064) with neo-Buddhists alone and Kishanpur Khadar, 
(G-035) with Sikhs alone located in the VFS of the Ganga. There: 
are few cases of multi-populations of different religions located in 
the areas under VFS, such as in Rampur or Niamatipur (G-130): 


along the Ganga. The diversity is associated with the recent 
migrants in the VFS of the Ganga. 


The pattern changes in the BES where about 25 per cent of 
the observed cases have a diverse community of different relipions.? 
Most of the communities are dominated by the Hindus who form 
more than 50 per cent of the total households in a village. Sub- 
dominant or the dorment populations are formed of the Muslims: 
or the Sikhs. In some cases, such as at Asilpur (G- 108), all the 
Populations may be equally large in size. In the cases where the 
Hindu and non-Hindu clumps are nearly equally large in size, 
population of each religion is spatially segregated within a common- 
village territory. Such a Segregation is not conspicuous in the VFS- 


2. Chorley and Hagget, ibid. 
3 Based on the field observation. 
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The caste is generally perceived as a strong differentiating 
-attribute among individuals. The families as well as the villages 
under the VFS are generally monocaste populations while the 
villages under the BES may have multiple-caste populations. On 
the environment scale, а Khadar community is structured with 
multi-populations of the various castes. Jats, Thakurs, Yadavs, 
Tyagis and Brahmins or high castes in general, dominate the BES 
while the Harijans or Scheduled Castes populations are more 
prevalent under the VFS. Some of the caste-based populations may 
have strong social interactions as symbiosis or competition but, the 
relationship cannot be generalised for all the caste based 
Populations. Moreover, the same caste does not show similar set 
of relationships everywhere. The relationship among the caste- 
based populations is more economic than social and arises due to 
the nature of work of the member individuals, for example, the 
relationship between — land-owner cultivators and landless 
agricultural labourers. The landless labourer may be Brahmin or a 
Harijan and has certain common relationship with his master 


landlord irrespective of the caste. 


The caste based population of the Harijans has a special place 
in the community structure associated with its spatial organisation. 
The Harijan populations are more wide spread in the VFS than in 
the BES. So much so that many census villages with large area 
under the BES have a separate cluster of , Harijan population 
located as a satellite hamlet in the area under the VFS. Elsewhere 
‘the Harijans may have limited spatial segregation occupying the 
village. Such a segregation is generally associated 

with the economic interdependence though it may be purely 

incidental or resulting from the caste differences. Where such a 

Segregation is absent, the Harijans do not show economic 

interdependence either among themselves or with other caste-based 

populations as long as the nature of work of all the populations 

remains undifferentiated. Thus, caste-based populations are 
perceived structural components of a community organisation but 
lack the required functional interdependence. 


outer part of a 


The apparent populations of the literates and the illiterates 
are formed using literacy as the dividing principle. Literacy refers 
to the ability of an individual to read or write. A literate is one 
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who can read or write.! This is а partially acquired characteristic. 
An individual can move from an illiterate to a literate population 
but not in the reverse direction. The educational level attained by 
an individual is irrelevant. 


A literate population is generally much smaller than an 
illiterate population with the ratio of 1 : 9.5 The average fractional 
size of the literates is 0.14 of the total population in a village 
clump. It is used as a yard-stick for measuring the size of the two 
Populations. The fractional size of the literate populations has a 
negatively skewed distribution so that 0.05, ie, l|3rd of the 
average size indicates small size of the literate population while the 
fraction of 0.25 Le., about two times the mean, indicates the large: 
size. The large size literate Populations are very widely Separated. 
They are occasionally contiguous with one or two villages of the 
medium size of the literate populations. Barring these patches the 
small size literate Populations are dispersed everywhere at village 
level. The spread of literate population appears to grow with 
spatial diffusion. It is unrelated to the location of educational 
institutions or the habitat sub-systems of the VFS and BES. Thus, 
the literate population on Alipur Morna (G-068) in the BES of the: 
Ganga is 0.06 of the total population despite the location of a 
junior and a senior school in the village in contrast with Manpur 
(G-005) in the VFS of the Ganga where the fractional size of 
literate population is 0,47 with only a primary school. 


The spatial pattern of literate Population shows little varia- 
tions at different spatial scales. Children of a family tend to be 
literate where at least one of the parent is literate.® Literacy can 
Spread to the neighbouring family of social Similarities, The 
Spread is faster among the families with urban contacts, e.g., in 
the case of the migrants from the erstwhile West Punjab settled 
around Latifpur (G-046) in the VFS of the Ganga Khadar and the 
Tecent migrants from Delhi Settled at Rampur or Niamatipur 
(G-130) in the VFS further South. The Process of the diffusion of 
literacy is slow as urban contacts are few in the Khadar tracts. 
Thus, the distribution of literate populations shows little associa— 
4. Based on the definition provided 


5. Based on Village and Town Direci 
6. Based on field observation, 


by the Census of India. 
tory, Meerut District, 1971. 
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tion with the environmental elements of the eco-system. Moreover 

à s А > 
these populations have little mutual interdependence hence have 
no place in the functional organisation of the communities like the 


other apparent populations. 


All the above mentioned apparent populations lack inter- 
dependence that can be associated with the intrinsic nature of the 
classes derived through the synthetic grouping of individuals into 
a universe of community. On the other hand, the community 
members are mutually dependent when treated as a genus and 
logically divided into genera of the general populations. 


(b) The general populations, unlike the apparent populations, 
show a degree of interdependence of some sort and are divided 
into non-workers and workers. The division is based on the 
presence or absence of a gainful employment. A non-working 
population lacks a gainful employment while a working population 
is employed gainfully in the varying nature of work, The latter 
category of general population functions to run the community 
organisation through a set of inter-relationships, hence it is a set 
of functional populations. The individual members of general 
populations can have attributes which are acquired through the 
nature of the gainful employment. The attributes can change in 
the life time of an individual any number of times, assuming that 
such opportunities are available. The change of the attributes 


does not disturb the social set up of man but modifies the commu- 


nity organisation. 


The two general populations interact with each other under 
the mechanism of a response system (Figure 5.1.) The stimulus 
of material wants, 5, in Figure 5.1, provides the energy for running 
the system and lies in the psychological field of man. A man 
responds to it by acting upon those environmental variables which 
are external to the interacting man, е.8., agricultural land or some 
dissimilar category of workers. The output of material gains, 
such as raw-materials or manufactured goods, feeds back want 
satisfaction to the worker and his dependants, or moves to the 
other variables of the environment. The response system has a 


complex internal structure where the output of one variable acts 
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as the input of another indicated by the direction of the arrows 
from one W to another in Figure 5.1, 


The mechanism of the Tesponse system operates at three 
Spatial scales. Family unit ist 


he lowest scale where the output 
ndants of the working members 


operates at the village level, i 


is assumed to be dependant 9n the working population of the 
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village. The villages with different internal structure of the 
response-system interact with each other at the environmental 
level. Thus, a village is,the fundamental level of study of a response 
“system as used in the following sections. 


А The Dependency Ratio. The response system at village level 
is expressed as the dependency ratio. It is the ratio of non- 
workers to workers and can, more conveniently, be expressed as 
the fractional size of workers in an aggregate of individuals, such 
asina village clump. The environmental average of workers 
based on the villages of the three tracts, is 0.3262 or 32.62 per 
cent. The standard deviation of the observed cases is 0.0323 or 
3.23 per cent. No where does the size of workers drops to less 
than 20 per cent implying that аг least one-fifth of the total рори- 
lation of a clump must be engaged in the gainful employment for 
economic survival of the aggregate as a clump. On the other hand, 
in some cases the workers’ ratio can rise to 100 per cent lowering 
the dependency ratio to zero. There can be short term fluctuations 
in the dependency ratio lowering or raising it from the average 
level though converging towards the average in the long run. 


The dependency ratio is low when the ratio of the workers 
rises above 32 per cent,i.e, mean-+2 standard deviation. The 
high percentage of workers occurs only in 10 per cent villages and 
is associated with the undercrowded clumps (Chapter 4). These 
are the areas of low ecological density as prevail in the areas of 
the encroaching meanders in the VFS and in the underdeveloped 
clumps of the Khola zone under the BES. Thus, in the case of 
Bhagwanpur Khadar (G-104) in VFS of the Ganga, the ecological 
density is so low as to provide 54.37 acres of cultivated land per 
person with the workers’ ratio of 75 per cent. Similarly in Khan- 
pur Makhanpur (G-115), located in the Khola zone of the Ganga, 
the worker’s ratio is 100 per cent with 50.25 acres per person. 


The low dependency ratio is also associated with the urban 
shadow or urban influence, operating in the villages with urban 
contact. The ecological density is high with less than one acre of 
cultivated land per person yet the fractional size of workers is 
thigh. In the areas bordering some towns, such as around Delhi 
апа Ghaziabad, daily migration of persons to the urban areas 
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raises the size of the population of workers. They grow indepen- 
dent of the land resources, finding gainful employment in indus- 
tries or services of different types raising the ecological density. 
This is the case with Ghukna at the northern margin or Ghaziabad 
town where workers’ ratio is 51.92 Per cent, out of which about 
69 per cent are engaged in big or small scale industries. The 
ratio of workers in Arthala (H-069), 3 kilometres from Ghaziabad 
is about 42 per cent out of which about 41 per cent are in some 
industries. These villages are part of the modified Khadar environ- 
ment, the modification being caused by the urban phenomenon. 


The dependency ratio is high where the workers’ population 
ess than 25 per cent, ie., mean—2 standard deviation. It 
Covers less than 8 per cent of the total villages of the three Khadar 
tracts. ]t prevails only in the villages with the urban contact such 
as at Sarai Khadar (G-011) with only 20 per cent workers though 
allofthem are farmers. This is apparently due to their better 
ability of farm management acquired through the urban contact 


using a higher technological level. Fewer workers can support a 
larger population. 


is ] 


A prevailing dependency ratio apparently is associated with 


the internal structure of the response system classifying workers 
into some functional Populations, 


The Functional Populations. The workers contain the energy 
to bear the given dependency ratio. The size of workers repre- 
Sents the energy level in the organisation of two general рорша- 
tions. А set of the functional populations is divided into three 
divisions on the basis of the internal structure of the response 
system (Figure 5,1) viz., the nature of inputs and needs. A prevail- 
ing dependency ratio at a given spatial scale is associated with the 
prevailing internal structure viz., the nature of input and the type 
of feedback. Some workers are the direct absorber of the stimulus 
and are the direct carrier of energy. These are the primary 
Populations using the local land resources for economic inter- 
actions. They obtain material gains as Taw-materials to be used 
directly by them for their want satisfaction viz., in the form of 
food ; or carry their gains to the other workers. Being capable 
of self-sustenance these populations have direct feedback in their 
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response system though they may opt for an indir 
> 5 ect f 
offering their output to the other workers. шала. 


The workers interacting with the output of the prim 
populations are invading populations. These workers к. 
the output of finished or semi-finished goods but are incapable f 
self-sustenance without their output being circulated b KANG 
workers through marketing or other services. The wacked main- 
taining the circulation system are link populations, Link popu- 
lations also are incapable of self-sustenance unless other popula- 
tions provide them with matter or energy for the circulation 
system to be executed by them. The dominance of the indirect 
feedback is shared by the invading and the link populations as 
shown in Figure 5.1. Each set of the functional population has its 
own auxiliary attributes grouped into the species of workers. The 
actual size of workers represents the energy level that enables 
functioning of all the workers together as a unit organisation, Íe., 


the community organisation. 


The primary populations are the set of workers interacting 
with the local land resources for direct want satisfaction (Figure 
5.1). A man in this category moves himself to the given parameter, 
nd. He is capable of providing the raw-material 


viz., agricultural la 
of food, hence forms the basic populations. 


for the basic need 


The primary populations are first to appear in a community 
where a clump is just beginning to occupy a spatial segment of the 
habitat in the form of a new clump (Chapter 4). These primary 
populations are the pioneer populations (Appendix D, Table 5.1) 
identified as the only species of the functional population ina small 
size clump which was uninhabited earlier.’ Pioneer population may 
choose to have only direct feedback in their response system by 
keeping the output at subsistence level. This can occur where 
clumbs are located in almost spatial isolation. As clump 
increases in size, increasing the field of its spatial interaction, 
primary populations choose to include indirect feedback in their 
response system to complement the material gains which they can- 
tly from Jand resources. In the process the pioneer 


not obtain diec : 
тиге ргітагу population. These land 


population grows to à ma 


7. Not necessarily coinciding with the Census years. 
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based primary populations are composed of the constituent species 


of workers as cultivators and agricultural labourers. They also tend 
to be part time dairy workers, 


(a) The cultivators are the largest of all the primary popula- 
tions. The average fractional size is 0.6372 or about 63 per cent? 
of the total working population. The size Tanges between 50 per 
cent and 80 per cent, However, the fractional size rises to 100 per 
cent or so in the case of new clumps (Appendix D, Table 5.1) 
where it represents the pioneer population, e.g., at Bhagwanpur 
Khadar (G-104) and Kothla (G-126) (Appendix D, Table 8:1). 
Some non-pioneer clumps, e.g., Pooth (G-147) also have more than 
80 per cent of cultivators. This is due to the spatial isolation 
caused by the meander Sweep or gully erosion. 


At some places the size ofcultivators drops to less than 50 
Per cent, such as at Jagola and Ghukna in Ghaziabad town. The 
reduction in size is an indication of the urban Shadow, ie, the 
interaction of urban environment with the segment of the Khadar 
environment. The cultivators can operate with minimal level of 
energy expenditure circulating in a community organisation. It is 
the lowest where cultivators form the pioneer populations and their 
fractional size is large, viz., more than 80 per cent, The expanded 
energy level in the form of increased work force displaces a part of 
the population of cultivators reducing their fractional size. 
Continued energy expansion and highly mobile and efficient 
circulation system can lower the fractional size to less than 50 per 


8. Based on 1971 Census. 


The 81 census lumps many c i 
together as one category. р: y categories of workers 
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One type of them are temporary labourers who are actually 
marginal farmers. They represent energy expenditure more than 
that can be used by the available size of land resources being 
worked by them. Such a situation results from the meander 
encroachment along the channel in VFS or BES. This category of 
labourers reverses as cultivators with the expansion of the size or 
the productivity of land resources. Thus, the size of agricultural 
labourers can be much above the average in one year of meander 
encroachment in the VFS of the Ganga but the same village can 
have small size in the next census year if meander recedes from 
the village and soils are mature enough to be used by the 
cultivators. 

The other category of labourers is more permanent where the 
availability of energy required for utilization of the land resources 
is owned by few individuals and is not enough for resource utilisa- 
tion. This Jack of energy is complemented by hired labourers. This 
category of labourers is more common in the BES. These areas do 
not show significant changes in the fractional size of the agri- 
cultural labourers from year to year unless there is some social 
resetting while the fluctuating category of labourers is associated 
with the pioneer populations, for example, in Jalalpur (G-012) in 
Table 5.1. This category is associated with the clumps of stable 
populations in nearly all the villages under the BES. 


(c) Some of the primary populations may also work as the 
unregistered dairy workers. While adult males perform the heavy 
work associated with the cattle. females collect fodder while the 
old and children tend cattle in fields. In most of the families dairy 
cattle supplements food resources of man and is the only source of 
food during jnundation. It is associated with direct feedback. 
However, each family also has some surplus milk for sale. The 
amount of milk for sale depends on market price which in turn 
decreases with increasing time distance from market places which 
are located in urban areas. Milk is collected by vending Dudhwalas 
to be sold in city centres. Price offered by Duduwalas near Delhi 
along the Yamuna tract, as observed during the field work, was 
Rs. 2.80 per litre dropping to Rs. 2 per litre near Hastinapur 
along the Ganga but dropping still further to 60 paisa per litre at 
Sarangpur (G-109) in VFS which has small town of Shahjahanpur 
(Figure 1.1) about 14 kilometres away. 
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The workers in dairy farming etc. registered by the Census 
are full time dairy workers. They are dominated by an indirect 
feedback while only an insignificant part of their material wants 
is satisfied by the output of their response system. They work 
for the sale of dairy products. The fractional size of dairy 
workers is 0.0097 or about І per cent of total workers. They 
are virtually absent in the areas under VES ofthe Ganga becom- 
ing more common in BES, viz, that of the Hindon and the 
Yamuna. Where they are present in the VFS their actual size 
may be as small as one or two persons though the actual size 
of dairy workers in the BES may be larger than ten persons. The 
fractional size of dairy workers in the VFS is about .004 while 
that in the BES is about .01. 


The unregistered dairy workers are associated with seasonal 
disappearance of agricultural land common in the Khadar en- 
vironment, Therefore, they are confined between man's place of 
work and of rest. The Tegistered dairy workers Tepresent high 
level of energy expenditure that extends from one environment to 
another, i.e., across the rural Khadar and the urban Bangar. 
Linked with urban environment these workers represent the urban 
Shadow operating in the Khadar environment. It isfor this 
reason that their number increases close to the urban centres. 


The three primary populations combined make the average 
0f 0.73 of the total workers. However, the average in the VFS 
is 81 per cent against the average of 67 per cent for the BES. 


The invading populations invade an area after it has been 
pioneered by the Primary populations. They use the output of 
i ut in their response system or use 
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primary populations. Consequently, the invading populations 
appear only where the clump size expands so that the available 
energy level is high. Therefore, they cannot live in spatial 
isolation as can be done by primary populations. They follow 
the spatial sequence along а circulation line, e.g., a road, or 
create one almost instantaneously while invading an area. They 
are composed of the workers in industries and manufacturing. 


(a) Industrial workers are the populations working in house- 
hold and cottage industries. They have an average fractional 
size of 0.0737 or about 7 per cent of the total workers. The 
average is little indication of the spatial trend. Industrial workers 
are highly localised at a few industrial centres. The actual size 
is one or two persons in the VFS. The actual size in the BES 
can be more than 10 persons. Thus, the average fractional size 
in the VFS is about 0.001 while that in the BES it is 0.125 or 


about 13 per cent of the total workers. 


Irrespective of the size, the industrial workers have energy 
expenditure higher than that can be absorbed by the local land 
resources. In other words, they are characteristic of a clump size 
that is overcrowded with respect to the carrying capacity of land. 
The size of industrial population can vary according to the degree 
of overcrowding (Chapter 4) and the circulation system as these 
populations are dependent on the circulation system for bringing 
the inputs and moving out the output. Location ofthese popu- 
lations tends to be constrained by the proximity to some exchange 
nimising the cost of moving the inputs and the outputs. 
Since urban centres act as nodes of circulation lines, e.g., roads 
or communication lines, location of industrial centres and cluster 
of industrial workers is associated with the urban shadow. Thus, 
Mamipur (G-064), а village of ex-servicemen, has 17 per cent of 
industrial workers despite its location in the VFS. Most of the 
other industrial centres are located close to Ghaziabad and Delhi 
in the Hindan tract (Table 5.3, Appendix D). 


centre mi 


(b) The manufacturing workers are those invading workers 
who work in large scale industries, i.e., other than the cottage and 
household industries. The environmental average of these workers 
is 0.035 or about 4 per cent of the total workers. They are highly 
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localised in space, like the industrial workers, therefore, the- 
average size of the manufacturing workers in the VES is nearly 
zero or trace i.e., less than 0.001 while in the BES, it is about 2 
per cent along the Ganga, about 3 per cent along the Yamuna and 


more than 10 per cent along the Hindon, raising the average to 5 
per cent in the BES. 


The response system of the manufacturing workers is domi- 
nated by an indirect feedback like the industrial workers. The 
output of these population has to move through a larger number 
of the Tesponse-systems, therefore. it requires a larger and more 
efficient circulation system. For this reason their location is 
highly biased towards the circulation lines. А friendship road® 
may be constructed along with the establishment of a manufac- 
turing unit, as was the case observed during field work at the 
valley flat area of Nagla Gosain (G-076) where a Khandsari unit 
Was recently established. In most ofthe other cases the manu- 
facturing units are located along some highway and the manufac- 
turing populations String all along the line, 
that the Hindon Khadar тг; 
Manufacturing workers 
Delhi-Ghaziabad highways such as Jagola!? 
Ghukna!! with 46 per cent, 
centage of industrial worke 
facturing population of the s 


with 78 per cent and 
These populations have a high per- 
TS Who supply accessories to manu- 
ame area. 

The combined fractional size of the invading population is. 
0.1097 or about 11 per cent of the total workers, However, the 
average size in BES is about 0.161 or 16 per cent in the BES and 
about 4 per cent in the VFS. 


The link populations circulate matter and energy as inputs and 


Outputs of the response System of all the populations including 
themselves (Figure 5.1). 


They are responsible for maintaining 
the feedbacks in the Tesponse systems. Like other populations. 
Size of the link populations is the operational energy level in a 
community organisation. They have four Constituent species, 
each representing a differen 


t form of energy with its own place in 


9. Сох, КР. 1972. Man Location and 


Behaviour : An Introduction to Human: 
Geography John Wiley and Sons, New York. 

10. Area included in Ghaziabad town in 1971 Census. 

11. Ша. 
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a community organisation. These species are workers in con- 
struction, in trade and commerce, in transport and communica- 


tion and in ‘other services’. 


(a) The construction workers are those associated with 
raising of multi-dimensional features, such as dams and roads, and 
buildings etc. Іп all cases they are associated with expansion of 
human interactions in two or three dimensional physical space. 
Physical expansion is limited by water and rugged terrain in the 
areas under VFS and in the Khola zone respectively but has a 
wider scope in the other areas viz., іп the segments under the 
BES. The environmental average size of the construction workers 
is 0.007 with 0.05 in the VES апа 0.01 in the BES. Some of the 
villages in the BES may have exceptionally large size of the cons- 
truction workers, such as in Mohiud-din Kinauni (H-071) that 
has about 7 per cent of the construction workers. The other cases 
of the large fractional size of construction worker are associated 
with the urban shadow or operation of the urban phenomenon in 


the rural Khadar. 


(b) The trade workers are the workers in trade and commerce 
circulating energy through monetary and financial transactions. 
They circulate energy inputs and outputs of a response system by 
converting it to monetary form. The environmental average size 
of these populations is 0.0214 or about 2 per cent of the total 
workers though they are absent in most of the villages of the VFS 
while the fractional size can be two times the average in the BES 
and also be more wide spread than in the VFS. As their essential 
task is circulation they can be biased towards invading population 
in their spatial location. In many villages along the highways in 
Ghaziabad and Baghpat Tehsils the fractional size of the trade 
workers is more than 6 percent. Thus, Asalatpur or Faruknagar, 
(H-065) has 16 per cent of these populations with 28 per cent of 
the total of invading populations. 


(c) The transport workers are the workers in transport and 
communication. They are responsible for physical movement of 
matter and energy ina community organisation. The matter and 
energy may be in the form of man, goods and information. The 
environmental fractional size of the transport workers is 0.0147 or 
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little more than one per cent of the total workers. They are trace in 
“size in the VFS but can be many times more in some of the 
‘villages under the BES. The transport workers of the VFS are 
associated with the break of the bulk or the change of the mode 
of transport, such as from land to water but those of the BES are 
associated with the nodal junctions of the circulation lines. Thus, 
Passaunda (Y-039) has about 7 per cent of the transport workers 
located at the junction between Delhi-Ghaziabad-Saharanpur 
‘highway. The transport workers in the BES may be present in alt 
the clumps but are concentrated where a large gully-cum-transport 
line descend to a valley flat. Thus, Alipur Morna (G-068) above 
‘Kishoripur (G-069) colluvial cone, has the fractional size of 0.0178 
though Ikwara (G-059) and Akbarpur Gharhi (G-007) North and 
South of Morna do not have any population of transport workers. 
‘Kishoripur (G-079) and Mamipur (G-064) at the foot of the cone 
‘have transport population of the size of 0.029 and 0.0416 respec- 
tively, the inhabited village of Makhdumpur (G-062), North of 
Mamipur, has none and Jalalpur Zora (G-071) South of Kishori- 
pur-Mamipur complex, has only 0.005 of the transport workers. 
In contrast, the fractional size of transport workers is greater than 
0.1 in the villages of the superimposed series. There are places, 
e.g., Kotana (Y-010) with the fractional size of 0.0462, located 
close to the junction of Bangar edge and the Yamuna channel. 
Mohiud-dinpur Kinauani (H-071) with almost the same type of 
location along the Hindon, has the fractional size of 0.06. 


(d) The other workers are the workers in ‘other services’ 
which are the services of all the miscellaneous types. They offer 
their service for promoting, maintaining or modifying the circula- 
tion of man, goods, money or ideas between the different clumps. 
The environmental fraction size of these populations is about 
0.1061 or about 11 per cent of the total workers. However, they 
are absent at most of the Places in VFS while the s 
more than 20 per cent in many villages of the BES of the Yamuna 
and the Hindon, Tepresenting the superimposed series of the 
environment. Thus, Shamshpur (H-062) 11 kilometres from 
Ghaziabad and Bhadoli (H-054), 8 kilometres from the same town 
has the fractional size of 0.218 and 0.219 respectively. Nagla 
Firoz Mohanananpur (H-043) and Muthrapur (H-057) just North 
and South of Shamshpur (H-062) have fractional size of 0.004 and 


ize increases to 
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‘0.044 respectively. The ‘other workers’ concentrate at.a few 
nodes at the Bangar edge offering ‘other services’ to the neigh- 
bouring villages dropping the size of these populations in the 
-surrounding villages in the VFS where the species of these popu- 
lations is often missing. Thus, ‘other workers’ maintain a flexi- 
bility in their spatial location with relation to other populations as 
-well as to other species of link populations. 


The combined average size of all the link populations is 
:0.1487 or 15 per cent of the total workers in the three environ- 
mental tracts. The average sizeis larger than that of invading 
populations largely because they are more widespread than are 
the invading populations. The actual size everywhere is larger in 
the areas under the BES than under the VFS, however, there 
are no clear cut areas of concentration such as in the case of the 
invading populations near Delhi and Ghaziabad. 


Thus, the total working population of the Khadar епуігоп- 
ment is divided among the primary, invading and link populations 
in the ratio of about 74, 11 and 15 per cent respectively. The 
three ratios can be studied together if drawn to same scale in the 
form of the ecological pyramids. The primary populations form 
the base of the pyramid and the invading and link populations are 
superimposed above them according to their respective size. The 
ecological pyramids drawn for different villages have vastly 
different appearance (Figure 5.2. The pyramids of valley flat, 
y along the Ganga are dominated by the primary popu- 
lations. So much so that the flat with encroaching meander has 
only primary population, e.g., in Tarbiatpur Junubi (G-095) 
while other pyramids representing the Bangar edge or valley 
flat villages of medium series show the ratio closer to the environ- 
mental averages, 6.6. in Gesupur Shumali (G-096). There is. 
the third category of villages where the pyramids have smaller 
base with larger upper bars. These are the inverted pyramids. 
which either havea very large size of the invading or link popu- 
lations, such as in the case of Ghukna (in Ghaziabad) or have 
large size link populations as in the case of Jagola (in Ghaziabad). 
"These villages are located close to the urban areas. 


speciall 
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3. THE FUNCTIONING[OF COMMUNITY ORGANISATION 


The three sets of the functional populations are related in 
Such a way as to provide maximum material gains to the entire 
performing element. Since the size of the total functional popu- 
lation is а unit, dislocation in the set of one population sets the 
translocation of the other populations till the performing element 
can attain the maximum material gains. The maximization pro- 
vides self-sufficiency at the spatial scale related to the performing 
element, The village level performing element not only has the 
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-clearest expression but can also be used for deriving statistics for 
the environment level. The associated self-sufficiency сап be 
local, based ona single village clump, or can be regional, based 
on a cluster of villages; and environmental, based on all the 
villages ina single environmental tract. The three scales of self- 
sufficiency are extended along the yardstick of the normative dis- 


tribution ratio. 


The normative distribution ratio is the proportions of the three 
functional populations for maximization of material gains for the 
‘spatial self-sufficiency at a chosen scale. The ratio is based on 
some simple assumptions as : 


(a) А clump size is adjusted to the carrying capacity of land 
and is big enough to accommodate the required size of the three 
sets of the functional populations. This is the characteristic of a 
mature clump with stable growth pattern (Chapter 4) and is 
‘соттоп in the villages under the BES, specially of the superim- 
-posed series of the Yamuna and the Hindon. 


(5) The clump has access to a moderate size of resource base 
which is used for a gainful employment. This is the common 
case іп the villages of the BES mentioned above. The villages in 
the VFS, have constant building and destruction of the area under 
villages therefore, the resources size may not always be moderate 


-enough for the distributive ratio. 


served by a moderately efficient circulation 
duals of the populations (7) to the resource 
f a response system and (ii) toa 
market absorbing the output of the response system. The condi- 
tionis satisfied with roads and cart tracts that are smaller in 
ational or State highways. This also is a more 
f the BES (Chapter 6) than that of the VFS. 


(c) The clump is 
system that links indivi 
base that provides inputs о 


status than a п 
common condition о: 


A theorem of the normative distribution ratio for spatial self- 
sufficiency can be derived on the basis of the three above men- 
tioned assumptions. The theorem would be applicable under 
two constraints, i.e., the prevailing technological level and the 
dependency ratio. The prevailing dependency ratio is such that 
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one adult has at least an average of two dependants. Тһе pre— 
vailing technological level is such that one working individual: 
can barely use the land resources in such a way as to satisfy 
material wants of two persons. This would require more than: 
half of the total functional populations to be working as primary 
population, leaving the rest to be shared by the invading and link. 
populations. 


The normative distribution ratio among primary, p, invading, 


i, and link, o, populations under the above mentioned constraints,. 
would be 


р=2 F, 
1—p=(+0), i= 4 =o 
where 
=p+(i+o), 
ie., F is the total number of individuals in the functional popu- 
lations. 


This is the theorem of local self-sufficiency at village level 
where i and o are shared equally ina village. Assuming that a 
village has a total of three workers sharing the functions of pri- 
mary, invading and link populations and providing material want 


Satisfaction for himself and his two dependents, the ratio 
would be 


20:05:05, or 66 : 17 : 17=100 per cent (1), 

A village with such a ratio would have little spatial inter- 
actions with the other spatial segments and would live in virtual. 
spatial isolation. Such a case is provided by Subhanpur (H-040) 
along the Hindon which happens to be a Harijan village. How- 
ever, a spatial segment is more likely to interact with other 
segments, therefore, the theorem would not be Spatially prevalent. 


A man’s interactions in Space spreads over the larger area as 
the circulation system becomes more efficient and link populations. 
grow in size, though concentrated more at some place than at the: 
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other. Increase in their size is complemented by decrease in the 
size of the invading populations. Based on the local resources the 
size of the primary populations remains largely unaltered unless 
there is some change in the local resources as well. Mutual 
adjustment provides the regional self-sufficiency where a decrease 
in the size of a population other than the primary populations in 
one village is compensated by its increase in some other village. 
These villages are located in a single or two different contiguous 
habitat zones. There is some degree of local self-sufficiency as long 
as the displacement does not reduce the size of one population to 
less than half of the other, while their combined share still retains 
one-third of the total population of workers. Thus, the equation (1) 
is modified as 


66.0: 11.5<22.5 : 11.5<11.5=100 per cent 
ie. i<l/2 and ite=F/3 (2) 


Equation (2) is the theorem of self-sufficiency at regional level 
while primary populations retain their numerical dominance, 
invading and link populations attain a flexible range of 11 to 22 per 
cent. It shows a greater balance between a clump size and the 
carrying capacity of land. it also indicates an improved circulation 
system without leading to the excessive circulation. The equation 
(2) can be traced at Mirpur Hindu (Y-038) along the Yamuna 
which is 27 kilometres from Ghaziabad and about the same distance 


from Delhi. 


Generally the circulation system extends much beyond the two 
uring villages of the habitat zones. It may cover all the 
environment. A man may remain localised 


at one spatial segment but he gets access to a larger resource field. 
The adjustment between the clump size and the carrying capacity 
is diffused over a larger area. The size of the invading and link 
populations in one-village may drop to one-third of the other, 
compensated by the increase at some other place. At the same 
time, the size of the primary populations may fall in one village 
ts increase in the other. The combined share of 
nk populations remains. one-third of the total 
workers (equation 1) but asa separate category they can fall to 
the minimum of 25 per cent and rise to the maximum of 45 per 
cent where the minimum and the maximum can occur in different 


neighbo 
spatial segments of the 


compensated by i 
the invading and li 
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villages. A village may also have the minimum of the both 
compensated by the expanded size of the primary populations that 
increases to 83 per cent. Else a village may have the maximum 
size of the invading and link populations reducing the primary 
populations to a bare minimum of 50 per cent. Thus, 
invading and link populations would have a range i e., 
50< 83: 8<25: 825—100 рег сепі 

ie. 1<1[3 and i+]=F/3 (3) 


for the environmental self-sufficiency, The average size of the three 
populations, according to the equation (3) would revert to equation 
(2), but for the upper and lower threshold values. 


primary, 


Each population, according to the equation (3) would have a 
minimum and maximum threshold size for self-sufficiency at a 
chosen scale. These thresholds are less than 50 per cent and greater 
than 83 per cent for the primary populations and less than 8 per 
cent and greater than 25 per cent for the invading and the link 
Populations. A community where the primary populations fall 
below the threshold would change from a rural to an urban 
community. Such a transitional community is an inverted 
community. On the other hand, the size of the primary pop 


ulations 
may increase beyond the upper threshold, truncating th 


е size of 
the invading and link populations below the level of the minimum 
requirement for self-sufficiency. These are the truncated commu- 


nities where some constituent species of workers are ab. 
trace in size. The communities corresponding to ei 
three equations are in equilibrium with either other en 
variables or with each other and are called the normal 
The examples of the three types of the communities 
the ecological pyramids in Figure 2.5. 


sent or are 
ther ofthe 
vironmental 
communities, 
are shown as 


The observed averages of the three combined Khadar tracts 
for the three population has the ratio of 74, 11 and 15 per cent for 
the primary, invading and the link Populations Tespectively. The 
primary populations are over Tepresented and the link and the 
invading populations are under Tepresented іп the VFS while the 
BES is more balanced. The villages observed to have normal 
communities form 64 per cent of the total villages while only 8 per 
cent have inverted communities (Table 5.3, Appendix D) and 28 
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per cent have truncated communities (Table 5.2, Appendix E). A 
village community can always change its form through the dyna- 
mics of the community organisation. 


4. THE DYNAMICS OF COMMUNITY ORGANISATION 


A village community may conform to the normative distribu- 
tion ratio or deviate from it depending on the validity of the three 
„assumptions raised earlier. As the Khadar habitat is highly 
-dynamic (Chapter 2) a clump size and the resource base are 
changing leading to the readjustment of the community organisa- 
tion. The changing structure of the functional populations and the 
related clumps size are shown in Figure 5.3. The prevalent 
‘community organisation in а clump is a stage in the populations 
:succession moving from a partially formed truncated communities 
to the diversified-populations normal communities with decreasing 
proportion of the primary populations. Continued succession may 
lead to an inverted community organisation where the fractional 
size of the primary populations is the lowest possible under the 


tural communities. 


A populations succession is initiated with the pioneer stage. 
"The primary populations account for 100 per cent of the total 
working populations in the areal unit. Asa result the other two 
functional populations are missing from the community organisa- 
tion. Such communities are associated with two constraints. First, 
the clump size is undercrowded, so is too small to provide even the 
minimum required energy to be used by either the invading or the 
link populations. Secondly, the resource base measured as the 
cultivated area is larger than can be worked upon by the clump 
size as the consequence of the first-condition indicating under 
crowding (Chapter 4) The areal segments with such constraints 
are the new clumps (Chapter 4) of the receding meanders. 

The pioneer communities can be of two types. There can be 
those with the mono-populations of cultivators alone or those that 
have more than 83 per cent of cultivators supported by agri- 
cultural labours, jointly accounting for 100 per cent of the total 
workers in the spatial segment. While the former type may be 
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truly indicative of a pioneer community the latter may result from 
disintegration or decay of a higher order community organisation, 
such as is common in the areas of a meander encroachment. 
The former type of а pioneer community may be located any- 
where in any spatial Segment of the environment, though being 


being worked upon by 
FS or in the BES. Thus, 
he Ganga and Kutubpur 
one of the Ganga are the 
Pioneer communities while 


Bhadwi (G-044) in the VES along t 
(G-114) in the BES under the Khola 2 
examples of the former type of the 
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Mirpur Sadho Nagla (G-085) is the example of the latter (Table 
5.1, Appendix D). 


The changing composition of the functional populations with 
the changing clump size is shown in Figure 5.3. It is based on 
the average values of the three tracts. It shows that the normal 
communities (central part of the graph, Be—Vfc, Figure 5.3) 
of the Khadar tracts are diversified. Dependency ratio ranges 
between 50 and 70 per cent with the average clump size. The 
share of the primary population is reduced but the proportionate 
share of all the non-cultivators populations is increased. Some 
populations, viz., workers in constructions and in transport and 
communication are absent in the communities of the valley flat 
system where the primary populations tends to move towards the 
higher side of the threshold. The observed normal communities 
are more prevalent over the areas under the BES than under the 
VFS, being most common along the Yamuna, less along the 


Ganga and the least along the Hindon. 


The observed inverted communities of the three Khadar 
tracts (Figure 5.3) are more diversified than the normal communi- 
ties where the clump size is larger than the carrying capacity. 
The diversification occurs at the cost of the share of the primary 
populations reduced below the threshold size. All the constituent 
species are present and the share of all the species tends to be 1 
per cent or more. Most of these communities are present near 
Ghaziabad along the Hindon and a few are present close to Delhi 
border, e.g., at Loni (Y-040) along the Yamuna and Hastinapur 
Kaurawn (G-031) near Hastinapur town along the Ganga. 


A type of community can be assigned toa village at one 


period of time through certain stages in the population 


successions. 


A pioneer stage can STOW into an incipient stage dominated 
by the primary populations and accompanied by the trace size of 
one of the other two functional populations. The slump size 
remains smaller than the carrying capacity of the resource base 
which may expand slightly more than in the case of the pioneer 
communities. The actual number of the accompanied non-pri- 
mary population may be as small as one or two persons being less 
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than the minimum size of 8 per cent required for any self-suff- 
ciency. Functioning of a normal community organisation remains 
disrupted due to the absence or small size of at least one of the 
functional populations. Some of the incipient stage communi- 
ties may actually be the reminiscent communities denoting a break 
down of the previously existing higher order community organi- 
sation resulting either from the shrinking resource base or emi- 
gration or both. Though incipient and reminiscent stage 
communities have similar composition of the populations the two 
can be differentiated from each other by tracing their previously 
existing populations compositions. Thus, Parsapur or Hansapur 
(G-021) and Khanpur Garhi (G-087) in Table 5.2, Appendix D are 
the reminiscent stage communities while Kheri Kalan (G-053) has 


an incipient stage community (see Figure 5.2 for the ecological 
pyramid of the stages). 


An incipient stage can Progress further into a rudimentary 
Stage. The primary populations continue to dominate with a 
further increase in the Size of the resource base but are accom- 
panied by both the other two types of the functional populations. 
The size of the two non-primary populations may be smaller than 
the minimum threshold hence even these communities lack the 
functioning of a normal community organisation. The clump size 
may be small though may be either over- or under-crowded. While 
the latter condition is associated with progression 
nity organisation the former is associated with decay ofa higher 
order community organisation. Decay is the case at Mirpur 
Sadho Nagla (G-085) while the stage at Shirjeypur (G-032) 
further North results from the progression. 


of the commu- 


The rudimentary Stage can continue to Progress forming a 
mature stage of a normal community if the resource base and the 
clump size continue to expand balancing each other. They are 
numerically dominated by the primary populations but the other 
two functional populations are also present within the normal 
range of the normative ratio. The resulting norma] community 
is also a diversified community with local and/or regional self- 
Sufliciency. Though the size of the primary Populations is lowered, 
it is compensated by sufficiently increased Size of the invading and 
link populations for the spatial self-sufficiency, In this light they 
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are the climax communities under the rural cultural environment 
with the population composition corresponding to the normative 
distribution ratio of the three equations (1), (2) and (3). 


A climax stage of the normal community can remain stable as. 
long as the clump size and the resource base maintain а balance. 
The balance is destroyed either because the clump size grows 
larger than the resource base forcing man to depend on the 
resources located outside the territory of his village or by adding 
in some way to the local resources. The former case results in 
daily commuting by workers, normally as member of the invading 
or link populations. Though the land resources are more or less 
fixed in size, other resources are added as the inputs of the 
invading and link populations. The local resources base remains 
unchanged and an increase in the clump size beyond the carrying 
capacity of land upsets a normal community organisation reducing 
the fractional size of primary population at the cost of invading 
link populations. The three functional populations reach a new 
balance where the size of the primary populations is reduced to 
less than the lower threshold of 50 per cent. A normal commu- 
nity organisation, dominated by the primary populations, is in- 
verted with the dominance of the invading or link populations or 
the both resulting in the inverted stage. 


The inverted stage is marked by the size of primary popu- 
lations being smaller than the minimal threshold requirement. 
These can be classified as industrial or service centres. The size 
of the invading populations is larger than the maximum threshold 
reating an industrial centre with inverted community ; the size 
of link populations in larger than the maximium threshold result- 
ing in an inverted community with a service centre. A commu- 
nity ina given spatial segment may be inverted combining both 
the industrial and service centres. While Sisana (Y-022) (Table 
56, Appendix D is an example of an inverted community with 
industrial centre, Kuri (Ү-002) has the inverted community with 
service centre and Arthala (H-069) has both. As is clear from 
the Table most of the villages with inverted communities аге 


located at or around Ghaziabad urban centre. 


126 А Rural Ecology 


As mentioned above, the inverted stage of the succession 
results from the increased quantity of the inputs from the environ- 
ment other than that associated with the local land resources. 
The source area of these inputs is the external environment located 
outside the Khadar environment. The external environment 
providing the inputs for the overgrown link population is the 
service centre essentially located in an urban environment. The 
inputs of the industrial centres may initially be located in a rural 
environment but as the industry continues to progress it involves 
expansion of thelink populations providing the required services 
for its expansion encompassing the source area from the rural 
to urban environment. Thus, an external environment is virtually 
an urban environment opposed to the Khadar environment. The 
inverted communities are the indicators of the urban shadow from 
the external environment operating in the Khadar environment. 
It may be recalled that the urban centres located within the spatial 
framework of the Khadar habitat have been excluded from the 
Scope of this reserch work (Chapter 1). However, these towns 
(Figure 1.1.) are the source areas throwing urban shadow where 


the intensity decreases with time-distance along the link lines 
(Chapter 6). 


The three Khadar tracts of the Ganga, the Yamuna and the 
Hindon provide examples of the different communities corres- 
ponding to the different Stages in the populations succession. 
About 12 per cent of the total Villages have pioneer communities 
(Table 5.1). Most of them are located in the VFS of the Ganga, 
some in the Khola zone of the Ganga but none of them are 


located in the Khadar tracts of the Yamuna and the Hindon which 
have less dynamic habitat. 


incipient communities (Table 5. 


This leaves about 
the normal communities spread 
pioneer, incipient and rudimen- 
-self-sufficient size of the primary 


64 per cent of the villages with 
over the three Khadar tracts. The 
tary communities have sub 
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populations and can be grouped together as the truncated commu- 
nities accounting for 27 per cent of the total villages against 64 
per cent of the normal communities with little over 8 per cent of 
the villages with inverted communities. 


Apparently, the statistical distribution of communities is 
slightly skewed in favour of the primary populations which is in 
keeping with Јоса! resource base of a rural environment. It also 
establishes the fact that the normal communities, dominated by 
the primay populations, are not only normal but also are repre- 
sentative of the Khadar environment. The Ganga Khadar tract 
is the most representative of the environment where all the stages 
of succession are present. The Yamuna Khadar tract is con- 
trolled where many stages are absent. The Hindon tract is not 
only controlled but also modified where the inverted stage is wide- 
spread. As such the three Khadar tracts themselves can be graded 
with the Ganga Khadar as the most representative of the Khadar 
environment, the Yamuna with less of it and the Hindon with the 
least developed Khadar environment. In this context, it may be 
recalled that maximum field work was done in the Ganga Khadar 
tract, less in the Yamuna tract and theleastin the Hindon tract 


(Chapter 1). All the three tracts have well developed agricultural 


populations but the industrial development is well below the 


normal except at Ghaziabad urban centre. 


Irrespective of the type, the Khadar communities are likely to 
undergo periodic and aperiodic changes. A normal community 
may change toan inverted stage or slump to a pioneer one. On 
the other hand, the pioneer stage may shoot into an inverted stage 
without the intervening stages. The periodic changes have known 
periodicity of recurrence, therefore, can be predicted at any point 
of time. Aperiodic changes are associated with irreversible pro- 
cesses, usually non-Khadar in nature extending into the Khadar 
environment. They cannot be predicted on the basis of the known 
parameters of the Khadar environment alone. 


The periodic changes in a community organisation occur in 
the area with periodically recurring Khadar proceses, viz, a 
meander sweep. A meander encroaches and recedes with the 
known periodicity resulting in the shrinking or expansion of the 
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resource base which in turn is adjusted by the dynamic community 
organisation. In some years of the exceptional rainfall, a mean-- 
der may encroach abruptly, disrupting the sequence of succession. 
A dry year may enhance the period of succession or lengthen the 
life of a normal community. Barring these exceptions, the: 
sequence of change іп а community organisation can be estimated 
once the rate of the meander sweep is known. 


The aperiodic changes in a community organisation are 


associated with some organic parameters of the Bangar or a 
neighbouring environment interacting with the Khadar environ- 
ment. Directly or indirectly, the organic parameter in question is 
a man. A man causes aperiodic changes either by accelerating 
mass wasting or by extending a link system. The mass wasting is. 
acclerated due to deforestation or poor soil management at the 
Bangar edge. Its immediate effect is the extension of or adding. 
to the Khola zone but it has far reaching effects on the Tesource- 
base. Directly or indirectly it reduces or impoverishes the 
Tesource base. Therefore, man and his resources attain a new 
balance in the form of truncated or reminiscent communities.. 
The mass wasting may be controlled through afforestation or- 


improved soil managements. This may stop further deterioration 
of the community organisation, 


ntary of a Khadar 
of the link line or 
ink system. The 


ure. The changed 
, 3 У attaining a different equilibrium 
community organisation. Т} 
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with the urban shadow. The urban shadow operates from a non- 
Khadar external environment, located essentially in the urban 
centres, E 


The interaction of the Khadar and the neighbouring non- 
Khadar environment produces the ecotone relationships. In 
functional terms the neighbouring environment is urban, there- 
fore, the ecotone relationships are incorporated by the inverted 
communities, In addition, growing of ‘Palej’ crops during the 
dry summer months in the channel bed of the Ganga is an ecotone 
relationship. The usufactury rights of the channel bed are leased 
out by government to contractors from urban centres. They 
raise these crops with the help of labour hired from the external 
environment. Truck loads of the product moves back to urban 
centres as long as the water level does not rise in the channel bed 
following the melting of snow in the upper reaches of the river. 


Some ecotone relationships may appear as random noise 
(Walmsley)? in a Khadar community organisation. These rela- 
tionships are located within the spatial framework of the Khadar 
environment but cannot be explained fully on the basis of either 
the Khadar or the urban attributes alone. These relationships 
appear occasionally at some spatial segments and cannot always 
be predicted. Fishing and hunting are two such ecotone 
relationships that appear aperiodically as random noise in some 
Khadar communities. They are performed by man of an urban 
community interacting with the Khadar resource base. 


Fishing is an economic activity performed during the period 
of maximum inundation. A man of the Kbadar community is 
preoccupied by the safety of his life and property against the 
inundating water Such preoccupation often forces him to move 
to drier and safer areas in the Bangar or Bangar edge. This leaves 
the fish resource to be worked upon by others. This provides an 
opportunity for an urban man to descend to the water pools of 
the Khadar for fishing. The catch is taken back to the urban 
centres which provide easy markets for fish products. Hunting 


12. Walmsley. D.J-, 1972, Systems Theory : А Framework for G hii 
Enquiry. Research School of Pacific Studies, Department at Rusan dea, 
graphy Publication Ha/7/1972, Australian National Univ., Canberra. 
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may be done for recreation, for gainful employment or for both. 
The natural vegetation along swamps and along river banks and 
islands is used as hunting ground of birds and wild deer by the 
hunters from far and near towns. This hunting operation may be 
assisted by some folks from the local villages providing gainful 
employment to these people for a day or so. Fishing is wide- 
spread in all the Ganga Khadar, as at Asilpur (G-108) 11 kilo- 
metres from Shahjahanpur (Figure 1.1). 


Sometimes a random noise may have more lasting and 
widespread effects. Such interactions involve construction of dams 
and bridges and controlling and diverting a channel. These inter- 
actions are initiated by the decisions of man in some urban centre, 
viz., an administrative centre with no direct link with a Khadar 
tract. It modifies the. Khadar environment in such a way that a 
channel may flow without being accompanied by the associated 
Khadar habitat. Such is the case of the Hindon South of Ghaziabad 
town from where water is diverted to the Yamuna. It results in 
the modified habitat series (Chapter 2). Other examples are located 


along the railway line at Bridge Ghat (Figure 2.6) and along 
Meerut-Moradabad highway (Mawana) along the Ganga 
(Chapter 2). 


The ecotone relationships including the random noise, enable the 
Khadar and its neighbouring environment to interact with each 
other binding a Khadar community organisation to a larger system, 
Le., rural-urban eco-system. The Khadar community system acts as 
ап open system interacting with its neighbouring urban eco-system. 


5. THE CCNCLUSION 


A community is structured with the populations that are 


aggregates of individuals similar in some ways and differentiated 
from the individuals in other a 


tions can be apparent or gener 
based on the differentiating att 
These populations 


ggregates. The component popula- 
al The apparent populations are 
ributes of caste, religion and literacy. 
lack interdependence and are the static 
structures of a community. The general populations are logical 
divisions of a genus aggregate of individuals. A division is based 
on the gainful employment of individuals as workers and non- 
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workers. The two are interrelated, the relationship is measured as 
a dependency ratio. The dependency ratio of the three Khadar 
tracts is such that one-third of the total population of a clump 
supports two-thirds of the rest representing the average ratio of 
workers and non-workers. 


The relationship between the two general populations is 
organised by the internal structure of workers in the form of a 
community system. The system is structured with the different 
categories of workers which collectively form a set of the functional 
populations. A functional population is lower order stimulus- 
response system where a worker acts under the stimulus of 
economic wants. The material gains in the form of the output of 
the response system feed-back want satisfaction to the responding 
man and his dependents. Some functional populations can have 
the option of direct feedback. These are primary populations of 
the cultivators and agricultural labourers. Unlike these are the 
invading populations whose output must be circulated by some 
other populations in order to provide the want satisfaction. Thus, 
an indirect feedback is inevitable in case of the invading popula- 
tions. The functional populations circulating the matter and energy 
for all the populations including themselves, are link populations 
invariably with a more complex feedback relationship (Figure 5.1). 


A community system can occur іп three possible states. There 
can be a normal community where man is in equilibrium with the 
carrying capacity of the local resources, the different sets of func- 
tional populations. This state is marked by the spatial self-suffici- 
ency in terms of the basic human needs, These communities һауе 
a threshold size of each of the functional population. The size of 
primary population varies between 50 per cent and 83 per cent of 
the total workers. The size of invading and link populations varies 
between 8 per cent and 25 per cent as the lower and the upper 
threshold. A community system occurs in a truncated state where 
the size of the invading or link populations falls below the 
minimum threshold. The system occurs in an inverted state where 
the size of invading and link populations becomes larger than the 
upper threshold size needed for the self-sufficiency. 


A community system can operate at three spatial scales on the 


132 Rural Ecology 


basis of self-sufficiency. At the lowest is the family scale. Some 
families may be without an earning member at least for some time. 
A community system is not easily identified at this scale on all the: 
occasions. On the higher scale, a community system operates at 
village level where a clump of a village is composed of non-workers. 
` and the three sets of the functional populations. One village clump 
can be in one of the three states and interacts with another village 
clump in a different state. The actual interactions of clumps with. 
different states, located in different spatial segments, operate the: 
System at the highest scale, і.е., environmental scale. The truncated 
communities under the VFS along a channel interact with the 


, inverted commun ities under the BES, located at Bangar edge with. 
urban links. 


These spatial interactions define the complex boundaries of 
the community system. On the one hand, it shares its boundaries 
with the inorganic habitat System as part of the Khadar environ- 
ment. On the other hand, it shares its boundaries with the rural 
and urban systems as part of a much larger cultural environment. 
In fact the Khadar environment is а sub-set of rural environment 
covering the Bangar and the other habitats. The urban system is an 
external environment. Inverted community organisation is the 
ecotone between a Khadar-rural and the urban environments, 
Normal organisation is the result of ecotone between rural Khadar 
and Bangar. Truncated organisation is the ecotone of rural Khadar 
and the habitat system. Thus, community system is as complex as. 
the organism in question, і.е., man, focused in human ecology. 


6 


The Settlements and the Lines of 
Circulation in the Khadar Eco-system 


І. THE INTRODUCTION 


The organisms are the carriers of energy running the eco- 
system. They locate themselves in space to interact with the 
.environment in the eco-system. The plants are virtually immobile 
by location. Location of animals is too transitory to be defined 
with precision. with reference to а small spatial segment, е.5., à 
Khadar tract. Man's location is neither so fixed nor so mobile 
like plants and animals. He raises fairly permanent structure, 
like nests of birds to shelter himself and his belongings. These 
structures are dwellings of the visible expression of man’s presence 
in the environment. Man makes irregular tranjectories, like birds 
in space, only to return to his shelter sooner or later unless he 
moves out from the environment through out-migration. The 
tranjectories are often repeated over the same linear space forming 
pathways or the lines of circulation. The dwellings and the inter- 
linking pathways form a settlement and have such a relationship 
where change in one leads to the change in another. These inter- 
related changes set the dynamics of the settlements. The set of 
relationships together with the elements of relationships function | 
as the settlement system. This chapter studies the Khadar settle- 
ment system as a variable of the Khadar environment. It focuses 
on the dwellings as the hardware storing the energy of the eco- 
system ; on the circulation system of energy ; and on the dynamics 
of the settlements as the inter-play of the dwellings, circulation 
“system and the other variables of the environment. 
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2. THE DWELLINGS 


The dwellings are the hardware for 
the eco-system when not in use. The energ 
of households, their belongings or theirs 
containing the energy units are houses, 
located over the built-up area of a village and is called a hamlet 
in the census records. The hamlets occupy only 2 per cent of the- 
total village area in 90 per cent of the cases. It isa part of a 
village, i e., the revenue mauza that is the smallest areal unit for 


collecting revenue as well as the census information. The local 
name for a hamlet is ‘abadi’. 


sheltering the energy of 
y units may be in terms 
ervices. The hardwares- 
Collection of houses is 


seholds are the same. This is 
» when households and 
dered by the associa- 


ted community are none ; or when the expansion of the hardware 


is constrained for Some reason. About 80 


remaining cases, The disparit 
nities, specially close to the urban centres, 
(G-133) has 264 households accommodated in 132 residential 


houses. The neighbouring Brid 
for 1,358 households, 


uses for 496 households in 1971. The neigh- 

gar (G-145) had 491 households in 418 houses in 

= and changed to an equality with 501 houses and house- 
olds. 


The shortage of the houses occurs where the number of 
households grows larger than that сап be Contained within the 
assigned space for the ‘Lal Dora’ covering about 2 per cent of the- 
total village area, Further expansion in the number of houses- 


1. Based on 1971 Census. 
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would involve encroachment on agricultural land which may not 
be possible under the given community structure. 


The size of the hardware as the number of houses and house- 
holds bears relationship with the attributes of the VFS and the 
BES. The two numbers stay below 100 in the VFS along the 
channel, are between 100 and 150 over the middle terrace under 
the VFS and over the Khola zones but increase beyond 200 in the 
Bangar edge and some valley flat villages along the highways. 
Assuming that the middle terrace and the Khola zones have self- 
sufficient store of energy, the Bangar edge villages with urban 
shadow have extra stored energy which can be used, if needed, for 
the areas under the VFS alonga channel where the storing capa- 
city is small. For example, Saifpur/Firozmohanpur (G-010) at the 
Bangar edge with the urban shadow, has 441 houses and 441 
households, storing enough energy to spare for the operation of 
the eco-system at Daulatpur/Malipur (G-032)' located in the trough 
zone of the immediate vicinity and having only 14 houses and 14 


households. 


The stored energy is related to the installed capacity to store. 


The latter is measured in terms of the number of rooms per dwell- 


ing unit. There are only one room dwellings? in the villages 
under the VFS though multi-room structure is more common in 


the BES. Four walled structures of a valley flat are multipurpose 
though additional partial enclosures may be used by а household 
more often for some functions than for others. The common use 
is sheltering cattle. In some cases a separate dwelling, bail 
khana, may be raised as a cattleshed. The recent migrants tend 
to have a separate structure for storing grains. These are kothas 
raised above the ground level at some distance from the dwelling 
unit. These kothas were observed at Rampur ог Niamatipur 
(G-130) and Dudhali Khadar (G-055) in the houses of the Punjabi 
refugees Single- room dwellings are uncommon in the BES and 
are associated with the recent migrants of the temporary workers. 
Tn all the cases of the VES and BES there is a separate hardware 
facility for storing cowdung and hay. The presence of these 
structures is an indication of the near universal presence of the 


2, Based on field observations. 
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domestic animals iaterwoven closely in the economic system of the 
area. 


Thus, the installed storage capacity is related to the actual 
magnitude of the energy liable to be expanded in a given spatial 
segment. The maximum energy is stored under the BES with the 
urban shadow, and the least at the valley flat along channel under 
the VFS, andat the trough zone. There is inter-action between 
the two spatial units with dissimilar storage capacity in the form 


of the other variables of the eco-system studied in the previous 
chapters. 


in store for circulating through the eco- 
System. 


A modal of the hardware 
ment using it, As such, the d 
designed to suit the variab 
ment by way of a plinth. 


is suited to the needs of the environ- 
welling of the Khadar are specially 
le attribute of inundation in the environ- 


The dwellings are rais 
level of inundating water i 


is about 2 metres on an average. 
inundation is deeper and longer. 


er periphery 
The tendency 
dwelling site. 
same site year after year 
wellings keeps accumulating and 

The houses at the periphery of 


towards the centre. 
to gain height is associated with the age of a 
The dwellings are renewed at the 
and the debris from the old d 


adding to the height of plinths, 


3. Area under residential dwel lings. 
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othe Abadi ог Lal Dora are comparatively new, hence their plinths 
-do not achieve the added height. They are raised abruptly along 
the streets but slowly towards the centre of the Abadi. The general 
appearance of a cluster of houses raised on the plinths is that of 
streets like the ravines and the dwellings like the badland 


hillocks. 

. Some dwellings are actually located on the non-functional 
plinths as those located at the ravine-heads in the Khola zone. 
The headward-erosion of ravines penetrates into the built up area 
with streets which are actually ravines and a cluster of dwellings 
located over the Khola hillocks. Even in these cases the debris of 
the old houses may raise the platform of a dwelling. Some other 
hamlets have non-functional plinths such as those located over the 
ruins ofa fortress. ‘The collected debris acts as an added plinth 
for the entire cluster of the dwellings in the yillage. They appear 
to stand on a hillock even though located in deep Bangar. Shahpur 
Chaudhari (G-127) in the Khola zone of the Ganga provides an 


example of the dwellings in the badlands of the Khola zone and 
na is an example of the dwellings 


Loni (Ү-046) along the Yamu 

located over the ruins of a fort. The main hamlet of Loni stands 
on approximately 20 metres high hillock formed by the ruins. 

s in the Bangar edge sub-system may be raised on 
nrelated to the variable of the Khadar 


fF ground moisture or any other unwar- 
f a plinth in the BES is as much 
e of it in the valley flat 


Some house 
Plinths for the reasons Ч 
‘eco-system, viz., 10 keep о 
ranted thing. . Yet the absence 0: 
a feature of the dwellings as the presenc 
sub-system. 
cted with different raw materials 
system have a variable 
d by the availability of 
ресійс impact of 
ed for con- 


The hardwares may be constu 
f the Khadar есо- 
building material. ally affecte 
the raw materials і itat but has more s 
the variable of inundation. 
struction of dwellings шау also be 
since the dwelling has come under use. 


The clay (or mud) is the most Р! 
making dwelling Tt is commonly aval 


revalent raw material for 
lable raw material as the 
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habitat is set in the structureless clays of the Gangetic trough. It 
is mixed with cowdung and stored and seasoned for four-five days 
before use. There are important exceptions in the valley flat 
sub-system, viz., in the trough zone where soils may be too wet; 
and along bar and point bar deposits where soil may be too loose 
to be used for construction. Invariably, there is never much dis- 
tance between the areas of availability and the place of use. 


The intrinsic feature of inundation and meander sweep in the- 
valley flat sub-system is the additional contributory factor in clay 
houses. Inundation and meander encroachments reduce the life 
span of dwellings. A farmer surviving on low productivity of 
soil can barely afford to invest much in the building material of a 
dwelling needing frequent reconstruction, hence uses cheaply 
available mud for raising his dwelling. The dynamics of the habitat 
weakens over the Bangar hence the dwellings can be more perma- 
nent, substituting clay by brick or other building materials. 


The clay walls tend to have a thatched roof or may have brick 
lining over a wooden frame and plastered with seasoned mud, The 
walls may be too weak to carry the weight of any other heavy type 
ofroof The floors also have mud plastering. About 80 to 90 per 


cent of the dwellings in the eco-system are made of the seasoned 
clay. 


The straw as the building material may be another exception 
to the otherwise common pattern of the mud houses. It is used as 
the building material of very temporary dwellings. The screens of 
straw may have in some cases a covering of polythene sheet to 
drain off rain water. Local dry grass, stalks of wheat or rice, or 
Sugarcane leaves are used as raw material. Bamboo or wood may 
be used as the supporting frame. 

The temporary shelter, as provided b 
needed by the temporary workers in a community structure 
(Chapter 5) or the transit camps of the permanent workers. The 
former category includes the agricultural labourers hired by the 
outside contractors (Chapter 5) to work in the Palej fields for six 
months orso. The contractor winds off his work as soon as the 
Palej fields are inundated by the rising water level so that the hired 
labour easily moves out from the environment. 


y Such straw huts, is 


Some of these 
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aise a thatch hut, ‘Jhonparhi’ in the fields itself while 


workers т 
g village making a very temporary 


others live in a neighbourin 
dwelling. 


A thatch hut as a transit camp may be used by the farmers or 
orkers of the eco-system returning to the habitat 


the permanent w 
after the period of meander encroachment. The field may not be 


productive enough for supporting the family till that time. A few 
performing elements return to the habitat and shelter themselves in 
these temporary dwellings till they can raise a more permanent 


dwelling for the family requirement. 


dwellings would be more com- 


mon in an ever changing dynamic rather than in a static habitat. 
The VFS of the Khadar habitat is more dynamic than the BES, 
hence, the temporary thatch dwelling is a common feature of the 
former rather than of the latter. The straw huts of the latter may 
be temporary as in the VFS but are definitely associated with the 
lack of resources of man or as а measure of economy rather than 
resulting from his interaction with some variables of the 


eco-system. 


Such straw huts as temporary 


ction material of walls is uncommon in: 
he BES. Floor and ceiling pattern 
brick with mud or cement and roof 
n frame or have lenters. The 


The brick as constru 
the VFS but is prevalent int 
is flexible. Floors may have 


may have brick-mud over woode 
bricks are manufactured in the kilns located in the BES or outside 


the Khadar environment over a dry ground. They bave to be 
transported a variable distance to theareas ofthe VES if they are 
required there. Transportation is very difficult due to absence of 
the metalled roads in the VFS (refer to the section on the path- 


ways) so are costly. Moreover, à brick house plastered with mud is 
liable to be washed off by a Strong current of water so heavy 


investment is avoided. 


tions in the VFS using bricks. These are 
rick walls which can withstand the onslought of water 
һе channel. The initial investment in these dwell- 
than can be met by the agricultural returns of 
the fertile productive soils) of the VFS. 


There are excep 
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uch more 
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"These exceptions of brick and cement dwellings, therefore, are 
associated with the well off immigrants recently settled in the area. 
These are not the products of local agricultural production 
(Chapter 5), e.g., the dwelling of the Sikhs in Rampur or 
Niamatipur (G-130). 


The examples of the dwellings of bricks with mud plaster can 
be traced in the villages undisturbed by a meander sweep for some 
years though located in the VFS. There is the observed case of 
Manoharpur (G-042) in the extended series of the Ganga. It had 
not been affected by a meander Sweep for about ten years till 1975. 
Located over an abandoned levee top (Figure 2.4) a large part of 
the village remains free of inundation giving reasonably sufficient 
agricultural returns to farmers. Some of the farmers had raised 
brick-with-mud dwellings in the village. However, a small bayou 
had opened along the northern side of the village Abadi in that 


Year threatening the dwellings including those of brick-mud 
materia]. 


Unaffected by the dynamics of the habitat system the BES 
can afford to have more permanent dwellings so that brick-mud 
dwellings are common in the sub-system. Wherever the owners 


have enough Tesources, brick-mud dwellings are substituted by 
'brick- cement dwellings. 


The attributes of dwellings as hardware storing energy in the 
of man, his services and his belongings can be summarised 
to study its place in the functioning of the eco-system. The actual 
amount stored, installed capacity and its expansion is greater in 
the areas of the BES with urban shadow in contrast with the scant 
The disparity appears in 
or without plinths and 


form 


as all the possible habitat 
ations in the attributes of 
It is limited in the moderate Series with limited 
hile the truncated series have incomplete function- 
me habitat zones are missing. The dwellings are 


the dwellings. 
habitat zones w 
-ing where so 
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adjusted to а modified habitat under the modified series, А 
super-imposed series is the parent series out of which other series- 
are carved, therefore, may contain all the variables of the dwell- 
ings mentioned above. Thus, the dwellings are closely related to 
the output of the habitat system. 


The dwellings are no less related to the other variables of the 
eco-system. Storage, its capacity and its expansion is low where 
size of the modified plant communities is small (Chapter 3) and 
increases with an increase in the size of the cultivated plants. As 
such the attributes of the dwellings have a contributory effect of 
the output of the biotic system. In keeping with it the dwelling 
size is small where a clump size is small, viz., under the VFS 
(Chapter 4) and increases with the increasing clump size of the 
BES with urban shadow. Remarkable is the association with the 
community system (Chapter 5) where small dwellings are asso- 
ciated with the truncated communities of the valley flat along a. 
channel under the VFS and the large dwellings are associated 
with the inverted communities of the BES with urban shadow. 
Thus, the dwellings are the combined output of the previously 
mentioned systems as the components of the eco-system. 


3. THE LINES OF CIRCULATION 


An interaction among the dwellings of the variable attributes. 
pre-necessitates a circulation system linking them. Man makes 
repeated tranjectories over a line to execute the interactions. 
There are the lines of circulation or the pathways. Some of them 
are internal, linking one dwelling to another or a set of dwellings. 
(ward or a mohalla) to another. Others are external pathways, 
linking a cluster of dwellings to another, e.g, paths between two 
villages or between a village and a town. Internal pathways are 
part of a village Abadi, They are mostly used for circulating man 
in and out from his dwelling thereby affecting individvals and are 
of little significance in the eco-system. The external pathways link 
the different spatial segments of the environment. These are the 
lines of circulation contributing to the circulation of matter and 
energy affecting or resulting from the dynamics of an eco-system. 
They are generally referred as a footpath, cart tract, kuchha 
(unmetalled) or pucca (metalled) road as the ascending hierarchy 

"of the ‘pathways based on the quantum of circulation runni ng 
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through the lines. Ferries and bridges are the links in otherwise 
interrupted circulation lines. 


A Liki occupies the lowest rank in the hierarchy of the path- 
ways. It is a muddy line of a footpath serving the pedestrians or 
cyclists. They appear where the frequency of circulation is low 
and the volume of matter or energy to be circulated is small. They 
are the result of and lead to a few interactions of the matter and 
energy among the interlinking dwellings. They run through 
privately owned fields, areas of dense mat of grasses or other 
natural vegetation ; or through narrow dry gaps in a wet area 
Tunning over the uneven terrain. Constrained by their surround- 


ings, often they are just wide enough to keep a foot on the 
surface. 


The function of likis is to conserve energy of man in motion. 
This is done by providing a short cut to a longer path or by 
lengthening a path to avoid some obstacle by going around it. 
The obstacle may be a patch of swamp, marsh, hillock or a water 
body. Some of the obstacles cannot be avoided altogether such 
as а shallow stream. The likis cross а stream at the riffles 
where the channel is shallow though the currect is fast (Chapter 
2). These likis curve downstream in the channel bed keeping 
with the rate of the turbulent velocity. This can be felt as feet 
drag downstream where the velocity is increasing and a liki is 
curving out. As the maximum velocity in the channel is passed, 
the liki curves back towards the original straight line path, Thus, 


path is lengthened across the channel but some human energy is 
saved. 


Most of the /ikis connect man to his farm but some likis 
connect one hamlet to another. Often, the only spatial link 
between the BES and the VFS villages may be through the likis, 
e.g., between Asilpur (G-108) in the 


Khola zone of the Ganga and 
Sarangpur (G-109) in the immediate valley flat in contact, 


The /ikis may develop at some places to the higher hierarchy 
of pathways or may disappear due to some changes in the environ- 
mental variables. A change to the higher forms is often restricted 


by the spatial constraints. The disappearance is possible by over- 


laying a ЇКЇ with some other use of land by man or by opening a 
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better organised alternate link. A short cut link may continue to 
exist. 


A Dagarha has a higher rank in the hierarchy of the circula- 
tion lines with the greater frequency and the quantum of matter and 
the energy in circulation among the settlements. It is an unlined 
road or a tract used by carts, cyclists, pedestrians and trucks laid 
over the community land. Its surface is marked by the lines of 
ridges and furrows made by constant running over of the wheels, 
and by small pits made by hoofs of animals, They are barely 
wide enough for accommodating two carts or trucks at a time. 
Dagarhas cut across the muddy and dustladen areas and appear 
as ravines entrenched to some depth in the surrounding areas. 


The function of a dagarha is to circulate man, as in the case 
of likis, but more important is circulation of material goods in such 
quantities as cannot be transported by pedestrians and cyclists 
between the connected points in space. In addition, they may 
provide short cut to a road between the two points. A dagarha 
may not always have two way circulation. More often the circula- 
tion is from one or all points along it, such as in a valley flat, to a 
ther end, such as an urban place or a large 


common point at the o 
in the BES (e.g., Asifabad, G-091, node in 


service or trade centre 
Figure 6.1). 


The dagarhas run over gentle slopes. They link the output of 
the unlike communities. There is very little scope of the movement 
of matter and linking dagarhas from one point in the valley flat 
sub-system to another with the similar community structure 
(Chapter 5). Avoiding steep slopes, dagarhas tend to run parallel 
to the channel in a valley flat or perpendicular over a colluvial 
cone. They cross over tothe areas under the Bangar edge sub- 
system by running through wide ravines (the illustration in Figure 
6.1 shows four cart tracts crossing Over the colluvial fan West of 
Mahmudabad and Sultanpur Dabal to join the node at Asifabad 


(G-091) gully in the BES. 


cross through the water bodies where the depth 
n 2 metres (instead of detouring round them like 
1 goods loaded in carts tend to get wet while 
e water bodies. The goods liable to be 


The dagarhas 
of water is less tha 
likis). The material 
passing through thes 
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damaged by water are loaded over the other things such as the- 
stalks of grains or sugarcane leaves. Where a dagarha, used by 
trucks, runs through a water body, the passage is filled with litter: 
of dried stalks or leaves to avoid sinking of the tyres of the heavy 
vehicles as in the dagarha to Kharkali from the SW (Figure 6.1). 
A dagarha used by carts can pass through the swamps. The 
vegetation of the area is cleared altogether or tall plants are 
replaced by submerged category of plants (Chapter 3), 


A dagarha may vanish from the landscape if the land under it 
is taken over by an encroaching meander, If not, a dagarha may 
persist in the Khadar environment in the face of the competition 

"with roads. At places a dagarha may only be a supplement to a 
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road, e.g., between the settlements of Bhikund or Rustampur 
(G-045) and the brick lined roadito Latifpur (G-046) (Figure 6.2). 
In the long run, however, the road is disused and the dagarha runs. 
parallel or along with the disused road, as in the case of Bhikund- 
Latifpur dagarha. This is because the dagarhas are better adjusted: 
to the attribute of inundation than are the roads. 


The roads may not show an adjustment with the attributes’ of 
the environment. They are classified as kuchha or unmetalled 
and pucca or metalled roads. An unmetalled road may be brick 
lined, Roads are meant to be used for HTV and other fast moving. 


vehicles, though everyone is free to use them. 


The function of the roads is to facilitate bulk movement of 
people and their goods. The area of circulation can be much larger 
than is possible in the case of the lower hierarchies of the pathways. 
This is so because roads can be used by the fast-moving vehicles. 
The convergence of many likis and dagarhas increases the size, of 
bulk movement resulting in or from the roads. The bulk movement 
is associated with the mass production of the Palej in a dry channel 
bed and sugarcane in the rest of the areas of the VFS. The produce 
from the Palej, viz., cucumber, melons and gourds, are carried "by 
contractors’ trucks making use of the dagarhas but sugarcane is 
moved over the roads maintained by the Sugarcane Growers. 
Association. The field work revealed that the Association laid many 
brick lined roads in the valley flat sub-system in the Ganga tract 
of Mawana around Latifpur (G-046) (Figure 6.2) in the late sixties 
and early seventies, though large part of them were damaged at 
the time of observation. These tracts are unrelated to the attribute- 
of inundation and are often swept off by the over running sheet of 
water during high floods (Chapter 2). However, they have resulted: 
in an easy circulation of sugarcane to the sugar mill at Mawana. 
The contact in turn has extended the urban shadow to the area 
resulting in the modified series. Figure 6.2 may be compared with: 
Figure 2.4 covering the same area but without the roads. The 
latter shows the extended series, the former covers a part of it as. 


the modified series in the later years. 


Most of the brick lined roads are the shortest distance 
between some two points, therefore, run as a straight line (Figure: 
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6.2). They are not aligned to the attribute of inundation and tend 
to block the free flow of water at the time of inundation. The force 
of the accumulated water erodes into the road washing them off or 
damaging them in the process and making their surface highly 
uneven. [t is for this reason that the dagarhas are preferred to 
brick lined roads in the Khadar environment, 

A brick lined road can run almost from no where or can run 
parallel to each other with a short space between them or run 
Perpendicular to each other crossing the area under the VFS 
(Figute 6.2). Most of them join some metalled road often in the 
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BES to join a highway (Figure 6.2) or an industrial centre e.g., a 
sugar or khandsari mill. Some of the unmetalled roads run to a 
town instead which act as a distribution centre for the farm 
products, viz., products from the Palej. 


Some of the pathways include pucca road which have metalled 
surface. They are laid by public works department of the State or 
the Central Government. The overall location of roads may be 
based on some economic and social factors but the actual lay out 
is related to some attributes of the habitat. They follow the gentle 


-slopes like the dagarhas (Figure 6.2). They cross the inundation 


prone areas over raised embankments. There are frequent outlets 
of hume pipes for draining out stagnating water. It keeps the flow 
of water so aroad is serviceable at the time of normal inundation. 
When inundation is more than normal, a sheet of water runs over 
the embankment sometimes damaging the overlying road, The 
damage can occur during normal rainfall as well where the 
embankments are earth filled and are laid over the area of 
abundant sub-terranean flow of water. As the water table rises 
during rains, the sub-terranean flow becomes stronger which can 
lead to eroding of mud or earth surface damaging the overlying 


roads. 


A road may not be functional for a large part of the areas 
under VFS where they are located over undamaged embankments. 
They may be used by individual pedestrian or cyclists but bulk 
movement by man all along the road may be difficult. This is 
so because the embankment has to be climbed over from the 
surrounding area which is generally at a lower elevation. Steep 
side slopes of the embankments are not easy to climb by local 
carts or vehicles carrying bulk unless some point of entry is 
These points are located where the road level is 


available. 
sraised. These are the junctions of 


lowered or surrounding area i 
the dagarhas with roads. 


The utility of a road in the Khadar eco-system is conditioned 
by the presence or frequency of the transport system plying 
through the area. А road is non-functional in the eco-system if no 
transport service operates over it. It has limited service if the 
ncy of the transport service is limited, e.g., Mawana- 


freque ы Я 
It is efficient and a forceful line of circulation 


Kishoripur road. 
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if the transport service plying over the road is fast, e.g., along” 
Mawana-Latifpur-Bijnore road (Figure 6 2). 


The examples of pucca roads running through the VFS are 
very limited. "There is no such system in the Yamuna Khadar 
tract. There is only one road that crosses the entire length of 
Khadar tract located in the northern Ganga Khadar, i.e., Mawana- 
Bijnore road (Figure 6.2). There are other roads that run from 
Mawana entering the Ganga Khadar at Mukhdumpur (G-062), 


Kishoripur (G-69) ; and at Abdullapur (G-128) terminating іп: 
the valley flat of the Ganga. 


The ferries and boats provide fink in the circulation lines inter- 
rupted by some obstacles, viz., wet or inundated area. Boats keep 
to riffles of a channel (Chapter 2) to avoid the risk of running 
aground in shallow water and making use of the natural transport 
of energy. Ferries ply in deeper water. The points connected 
by ferries or boats result in inter-actions of man located on the 
two sides of the channel. Boats ply in the areas of less frequent 
Interactions than in the case of ferries. Boats, therefore, can be 
seasonal or have less frequent service while ferries have more 
regular service. Small boats are used for relief and Tescue of 
man marooned in the inundated areas of the valley flat sub-system. 
On the other hand, ferry service may be abandoned when water 
level increases in channel. The areas having boat and ferry 
service change with each dislocation in meander loops. There 
are few ferries across the Ganga as the channel has shallow areas 
of bar deposits or islands in the various meander loops. One 
such ferry point is shown East of Khanpur Garhi (G-087) across 


the Ganga in Figure 6.1. There are many such points along 
the Yamuna and the Hindon. 


The ferry or boat crossings are replaced by bridges where the 
interactions across the channels are more frequent and involve many 
more individuals, There are Some masonary or steel bridges, 
Some аге culverts over hume pipes and some are improvised 
bridges made up of tree trunks. Generally, wide and deep 
channel bodies are crossed by steel bridges. The channels of 
moderate width and depth have bridges of masonary structure. 
The hume рірев are generally used to drain off water stagnating 
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along the embankments with a passage over them. Narrow water 
bodies with localised interactions across them are covered by tree 
trunks. The underlying area tends to have a narrow, swift and 
deep rivulet, e.g., а sota/nala/nadi. Straight tree trunks, such 
as that of a palm tree, are used for the purpose. The trunks may 
also be used as short cut bridge. In addition to these types of 
bridges, a pile of litter and mud, fills a shallow water body in 
the dagarhas used by trucks. Places with occasional interactions 
across a water body but with no bridge across, are crossed by 
man using a float, e.g., a dried gourd or a pumpkin skin. 


The permanent bridges are generally formed where a highway 
linking two urban centres runs across the Khadar environment. 
When special boats ply over the inundated area for relief and 
Tescue operations the permanent bridges obstruct free flow of 
water developing pools or whirlpools around the support ѕігис- 
tures. In addition, some of these bridges may be too low or narrow 
to allow passage to boats. Such bridges are not welcomed by 
man in the VFS though may not affect man in the BES. The 
temporary bridges are better adjusted, folding during inundation 
allowing passage to the relief boats. Embankments attached to 
the large steel or masonary bridges may serve as a temporary 
shelter place at the time of flash inundation, but the utility is 
very temprorary. Moreover, many of the bridges with permanent 
structures tend to be damaged during the high flow ina channel. 
They remain unrepaired for a long time. 


The valley flat sub-system of the Ganga provides the examples 
of all the types of bridges. There is a broken hume pipe bridge 
between Sarangpur (G-109) and Mishripur (G-113) (Figure 2.5) 
and many more east of Latifpur (Figure 6.2). The bridges of 
tree trunks are common across the Baghi and Soti nalas (Figure 
6.1) in the valley flat of the extended series of the northern Ganga 
Khadar. Masonary bridges are located along the embankment 
for Mawana-Bijnore highway (Figure 6.2) and the Mawana road 
to Kishoripur. Steel bridge across the Ganga is located at Bridge 
Ghat (G-136) in the study area (Figure 2.6). There are many 
steel and other permanent bridges across the Yamuna and the 
Hindon. They serve maninthe Bangar or in the BES. This 
isan indication of the dominance of the BES over the missing 
-ог limited areas of the VFS in these two tracts. 
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4. THE DYNAMICS OF THE SETTLEMENT SYSTEM 


A hamlet and the linking circulation lines are often called a 
settlement. The settlements in the Khadar eco-system evolve 
through a diffusion process extending from the neighbouring 
environment. The process operates through the lines of circula- 
tion. The technique of studying the process is similar to plant 
¿succession (Chapter 3) The process causes a constant change 
in the attributes of the dwellings and the linking pathways. The- 
set of the changes and the associated causes are the dynamics of 
the settlement system in the Khadar eco-system. 


The dynamics of the settlement system operating in the 
Khadar eco-system is actually a continuation of the process that 
begins in the Bangar environment. Origin of the process of 
change is lost in time antiquity. However, the process of the 
change keeps re-occurring in the interlinked areas of the VFS and 
the BES. Man of the Khadar eco-system locates himself in the 
spatial segment of the Bangar edge from where he can interact 
with the Bangar as well as the Khadar environments or has more 
interaction with the Bangar than with the Khadar environment. 
As soon as the spatial segment under the VFS expands, at least 
some individuals begin to have more interactions with it than with 
the segment under the BES. These individuals move to the area 
under the VFS raising dwellings for themselves. Such a situation 


is likely to occur under the medium and extended series but not 
under the truncated series with limited area under the VFS. 


The spatial segment in the BES leading to the habitation in 
the VFS isa diffusion centre, e.g, Asifabad, Gesupur, Salaur 
and Asilpur in Figure 6.3. Man makes various tranjectories in 
all directions from the centre to make economically more gain- 
ful interactions than he has in hand. Repeated tranjectories to 
the area under the VFS begins with likis and develops into 
а dagarha. Initially ravines are used as the passage from the 
Bangar edge to a valley flat while steep toe slopes may 
cause obstruction in the movement of man between the areas 
under the two sub-systems. Hence the diffusion centres tend to 
concentrate at or close to the broad ravine openings running likis 
and dagarhas. Location of a dwelling in the area of the VFS- 
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attracts more dwellings. Initially each new dwelling is located in 
the area under the personal possession of the dweller. Each 
dwelling may stand separated from the other as a farm house or 
an isolated dwelling (as South of Bagwala, G-095, in Figure 6.1). 
It occupies the driest location in the privately owned land. Such 
dwellings dot over the abandoned bars and levees running along a 
line (Figure 6.3). This is the embrayonic stage in the evolution of 
settlements in the VFS associated with the truncated community 
organisation (Chapter 5). 
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The evolution process may proceed further if the variable of 

-the habitat system does not assume a value unfit for the mainte- 
nance or expansion of the recently formed community as in the 

truncated series. The variable of the habitat system assumes a higher 

value when soils become fertile increasing the size of the modified 

plant communities and human community progresses towards a 

balanced organisation. It attracts more individuals and number 

-of the dwellings starts increasing. Some of the dwellings attract 
each other and cluster at one locational niche as hamlet. The initial 
attraction for niche is provided by the preference for some caste or 
religion, sense of physical security or some chance factor. As com- 
munity organisation becomes stronger, individuals become inde- 
pendent of each other and the choice of the locational niche moves 
from the factor of the private ownership to that of the safety from 
inundation. Hamlets also string along the highest parts of the 
abandoned bars or levee tops (Figures 6.1 and 6.2). A small ham- 
let is locally called а madhayya. It houses the population of one 
caste or social community alone ; individuals are related to each 
other. Where the hamlet is big enough to accommodate more 
members of the same social community or caste, the settlement is 


called a majara. Some settlements are named madhayya even 
after they cease to be hamlets. 


A hamlet may revert to farm house or be abandoned if encroa- 
ched by a meander sweep. Ifa meander stays out from the area, 
soils become maturer so that at least half of the village area is 
covered by the modified plant communities (Chapter 3). Com- 
munity organisation tends to be balanced or moves towards the 
inverted communities (Chapter 3). Hamlets begin to grow into a 
larger cluster of dwellings as a village. The line bounding sucha 
cluster of dwellings is the Lal Dora, as mentioned earlier. A 
village in the Khadar eco-system is confined within the Lal Dora. 
The dwellings cluster at the highest levee tops, surrounded by the 
cultivated plants on the levee slopes. As levees stand in close pro- 
ximity to the channel banks, a village becomes a dry point settle- 
ment close to a wet line, e.g., a channel, active or abandoned. 


Sometimes a revenue mauza has two h i 

Е amlets which аге 
almost equally big. (The both are called village in the local 
language). One hamlet is the main village or has high caste popu- 
lation over the safer locations and the other is a satellite hamlet of 
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the economically weaker or Harijan population. They operate as | 


a satellite hamlet of the main village. The villagers often use the 
term Majara for such а settlement. Rambha Nadalipur is 
а majara of Bagwala (G-095) in Figure 6.3. A satellite may evolve 
at the same time as the main village with the Schedule Caste popu- 
lation e g., at Rambha. А satellite majara of a village in the BES 
is often located in the VFS. The dwellings between Nagla Gosain 
at the Bangar edge and Jalalpur Zora in the valley flat in Figure 
4.2 form a majara of the former village. In some cases à satellite 
is settled by the immigrants into a settlement detached from the 
main village though sharing the land in the revenue mauza. Ina 
few cases, a satellite may arise through exodus of some members 
of a social community from the main village. 


A village may grow further where some streets are shared by 
different clusters of dwellings and the built up area increases much 
beyond the average of two per cent of the total village area. Com- 
munity structure grows on support of the resources other than the 
localland resources. Such an expansion is accompanied by some 

additional services and community structure moves towards the 
inverted organisation. Eventually administrative form moves from 
the rural to an urban and a village grows as an urban centre. 
Hastinapur and Rasulpur Dhulari (Figure 1.1) are the new towns 
located in the Khadar habitat. It may include a notified urban 
area, town, city or апу higher form of settlement. A community 
develops inverted organisation (Chapter 5) with the enlarged link 
or invading populations, needing more efficient circulation system. 
"The accompanying services, as defined by the Census of India 
cannot possibly be provided in the ever changing Khadar environ- 
‘ment where the Khadar processes may completely eliminate the 
area of settlement from the environment Thus, the urban settle- 
ments cannot be а part of Khadar environment. The Khadar 
processes, hence the Khadar environment, is kept away from 
the urban area through man’s conscious efforts (refer 10 
Chapter 1). Some settlements may have overgrown size and 
additional service facilities with the inverted community 
organisation. These settlements result from the urban shadow of 
the external environment operating in the Khadar environment. 


The diffusion process may have maximum possible coverage, 
whereby village settlements appear to be dispersed at random. The 
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Nearest neighbour index, R, moves towards 0.25. In reality, there 
are bands of settled areas alternating with the uninhabited bands 
Ог negative niches. The Settled areas are located at the Bangar 
edge, and the central valley flat intervened by the negative niches 
of the toe-slopes and trough zone. The channel and the lower 
terrace form another negative band on the channel side, The 
band contains the uninhabited village. The irregularity in zonation 
is caused by frequent settlements over wide Khola hillocks and 
dry gaps in the trough zone. This is the case of Asifabad 
(G-091) at Khola hillock (Figure 6.3) and Saidullapur (G-100) 
on an old bar. Occasionally, a levee of the lower terrace also may 
raise a temporary settlement. Since these zones are not always 
parallel to each other, settlement dispersal appears random. 


An extended series has all 
has more than one band of settlement in the valley flat. Medium 


let in the valley flat (Figure 7.1). 
settlements in the valley flat made dry. 


gh the operation 
of the habitat System, according to the evidences Observed 
during the field work. The settlement fo. 
Sequence, though spatially unconnected а 
ter 3) in the settlement succession, 


The settlement of Rampur or Niamatipur (G-130) їп the 


medium series of the Ganga Khadar provides examples of the 
lower form of a settlement. The field work revealed that the 
village was nearly abandoned by the Mallahas who had sold 


The Settlements and the Lines of Circulation 155 


their land to the Punjabi migrants arriving at different points of 
time. Each fresh arrival of the migrants raised a farm dwelling in 
his farm land. Some of these dwellings are brick-cement structure 

therefore, they retain their farm-house form without с ыле 
to other forms. Many of the other farm houses of &® ре 
were made up of mud houses. Members of some related families- 
had clustered their dwellings together forming a hamlet of their 

own. Some of the original Mallah families of the village had their 

own hamlet. There were twelve such hamlets at the time of obser- 

vation, each occupying different site in the same village area. These 

hamlets occupied the locational niches which were relatively free 

from inundation. The farm houses and the hamlets had grown in 

the short span of five years. Similar niches of Aidalpur (С-800). 
are shown in Figure 6.3. 


Jalalapur Zora (G-071) and the surrounding villages in the. 
valley flat sub-system ofthe Ganga Khadar provide an example of 
the higher settlement form (Figure 4.2). The neighbouring 
Hadupura (G-077) and this village were affected by the encroaching 
meander in the early seventies. The settlements were abandoned 
for short time in 1971. The meander receded in the following 
years resulting in the resettlement of the villages. Parts of Jalala- 
pur Zora were cleared first followed by a part of the cultivated area 
of Hadupura. Individuals returned in ones. and fews raising their 
dwellings in clusters forming four hamlets in Jalalapur. Some of 
these dwellings belonged to the farmers who have land in Hadu- 
pura but the hamlets were located in Jalalpur cleared earlier. A 
farmer chose that hamlet for his shelter which was closer to his 
fields and. relatively inundation free. Meanwhile, the hamlets 
in Hadupura were cleared of the meander and the remaining 
individuals raised their dwellings as a village Jocated at the new 
locational niche. The old locational niche stands abandoned at 
some distance. Mahmudabad in Figure 6.3 has five widely separa- 
ted hamlets between Kharkali and Khanpur Garhi. 


Tarbiatpur Janubi (G-095) provided the examples of the 
formation of a satellite settlement as observed during the field 
work. The village has two hamlets (Figure 6.1). The main 
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slightly away from the main village. Alipur in Figure 6.3 isa 
majara of Sarangpur located far in the West though now the two 
form a single village of Alipur/Sarangpur. 


The documental evidence of the settlement changes is provided 
by Aidalpur (G-080) The old toposheet, based on the surveys 
of 1911-14 (Figure 6.3) shows dispersed farm house settlement 


though the village had developed a nucleated village by the 
fifties (Figure 6.1). 


(Figure 2 4) in 1971 Census (Figure 6.2) 


1onal niche, as in the case of Nadalipur 
Mentioned above, In some cases the main village May shift to its 


Satellite hamlet. Such a case Was provided by Hadipur Gaonri 
(G-040) (Figure 2.4) which was being affected by the meander 

i ffected dwellings had shifted 
ge. The Temaining families 
Spatial Segments in the VFS 
Weep can be fairly stable in 
Ne case of the Settlements in 
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eco-system ceases to operate. Moreover, as the Khadar habitat is. 
dynamic, the character of the locational niches in the VES is in 
the process of constant change. The dynamism becomes weak in 
the BES and ceases to operate in the Bangar. The locational 
niches of the area in the BES may have static character or the: 
dynamism operates through some variable other than the Khadar 


habitat system. 


This is not to say that all the locational niches in the VFS are 
the response of the habitat system alone. Factors external to the 
Khadar eco-system, or some other variable of the eco-system may 
have a modifying influence on locational niches. Final choice of 
a niche depends on human decision. A decision of an adminis- 
tration to establish a new settlement may be based purely on 
economic grounds or on the availability of space and may not be 
related to the habitat at all. Usually such settlements are forest or 
mining camps, e.g., a small forest camp in the forest zone of the 
Hastinapur Khola in Mawana. The resettlement of Bhadwi 
[(G-044) (Figure 6.2)] along the Ganga channel in the VFS of the 
area was a political decision in 1971 to rehabilitate the displaced 
persons from the erstwhile East Pakistan. Sometimes the adminis- 
trative decision and the habitat systems may cross each other. Thus, 
the main settlement of Latira [(G-131) (Figure 2.5)] is located East 
of the main channel of the Ganga in Bijnore Tehsil. As the 
channel swings back and forth, one or more hamlets of the village 
appear in Hapur. They retreat to Bijnore when the channel shifts 


westwards. 

The road may be a powerful factor superimposed on the 
habitat system in setting character of the locational niches. Laying 
of road is generally a political or administrative decision though 
may be based on some economic or social factors. Actual layout 
of a road has to be related to some variables of the prevailing 


habitat system and is laid over the embankments in the Khadar 
environment in creating the positive locational niches for settle- 
ments. An altogether new settlement may appear in the VFS or the 
BES if a new road is opened in the area. Thus, many hamlets of 
Malipur (Daulatpur or Malipur, G-032 in Figure 6.2) have come 
up recently in association with the State high-way between Meerut 
and Bijnore running through the Ganga Khadar. Goripur (Y-020) 
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along the Yamuna bad to vacate the previous locational niche 
(Khera) due to the encroaching meander and the present location 
runs along Delhi-Saharanpur highway. The settlement of Bridgeghat 
is located where buses plying on the national highway halt at the 


The bands of the chosen locational niches are generally set by 
the environmental gradient. There in a single set of the occupied 
niches in the VFS of medium series, which may more than double 
in the extended Series (Figures 6.2 and 4.1. The VFS of the 


truncated series is too narrow to provide the chosen niches for 
Settlements. The BES 


chosen niches, 


Perched in the 
ive niche, e g., in 
in the modified series, or 
negative areas, e.g., in a 


046) at Delhi border along the 
mur Location of the chosen niches in different 
Series is hypothesised in Figure 7.1, 


5. THE CON CLUSION 


The settlements are a complex variable of the Khadar епуітоп- 
has the fun 


dagarhas and Toads. 
on lines is studied as 
e of the eco-system. 
wed as the combined 
“System. As such, settle- 


1. Ibid., Watts, D., (1971) Principles ор Biogeogr P А 
to the Functional Mechanisms of Eco-systems". Eraphy : Ап Introduction 
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A settlement as the environmental variable has the component 
of energy storage and energy circulation, The former component is 
measured as the variable attributes of the dwellings, the second as 
the variable attributes of the circulation lines viz., likis, dagarhas 
and roads. Greater storage, higher capacity and greater storage 
expansion prevails under the BES with urban shadow, compen- 
sated by scant storage, limited capacity and the absence of expan- 
sion in the valley flat along a channel tunder the VFS. Тһе com- 
pensating interaction sets the functioning of the settlement system. 
Thus, man raises his dwelling at the Bangar edge but descends to 
valley flat to complete his interaction with the environment. The 
output of the system is either the fully integrated extended series, 
or partially integrated medium series ; or the incomplete truncated 


series. 


А settlement combines the output of all the environmental 
variables as the combined output of the Khadar eco-system. There- 
by settlement of a particular type is the state in which Khadar eco- 
system of man can be ata given time and place. There are large 
settlements with more than 200 houses in the inverted communities 
at wet points under BES, medium settlements with 100 to 150 
houses in the normal communities at partly dry and wet points 
under the BES and the VFS, and small settlements with less than 
100 houses in the truncated communities under the VFS. The 
у at different spatial segments of 


three states prevail simultaneous, 
her as one complex eco-system of 


the environment interwoven toget 
-the Khadar environment. 
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1. THE INTRODUCTION 


Rural ecology is a stud 
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order systems are ne 
chapters bring out t 
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em as a unified 
The section on the 
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the out-put of the Khadar eco-system. Each component system has 
a set of the inputs ог parameters, the elements or variables and 


the out-put or states. 


162 Rural Ecology 


The habitat system is the inorganic variable of the Khadar 
eco-system (Chapter 2). The energy flow and the matter to b 
worked upon by the flow are the given parameters of the habitat 
system. The energy moves through the channel flow, š resulting in 
the fluvial action ; and as the Bangar flows resulting in the mass 
wasting. Super-imposed on the two is the biochemical energy of 
organisms, viz., man, modifying the results of the fluvial action 
and mass wasting. The energy acts upon the matter provided by 
the alluvium filled gangetic trough edging and the underlining the 
Khadar habitat as the neighbouring Bangar. 


The variable of the habitat system is the organisation of the 
K-field | Figure 7.1(B)] operated by the Khadar processes. A field is 
a surface where every point on itis operated by a common 
process, е g., the Khadar process.! The K-field is bounded by the 
C orchannel field on one side and the Bor Bangar field on the 
other. Interactions of K and C-fields produce the valley flat 
sub-system, VFS, while the interactions of K and B-fields produce 
the Bangar edge sub-system, BES, both as the sub-fields of the 
K-field [Figure 7.1(B)]. The VES is dominated by the fluvial action 
associated with fluvial energy while the BES is largely the mani- 
festation of the mass wasting. The interplay of the energy results 
in characteristic habitats zones parallel to a channel, These zones, 
from channel to Bangar, are valley flat divided into lower, central 
and upper parts depending on their relative heights from channel 
surface; trough zone indicating termination of the VES and the 
beginning of the BES ; toe Slopes as the sudden increase of eleva- 
Чоп with steep slopes ; Khola zone as land of broken topography ; 
and'the Bangar edge as segment of Bangar with the potential for 


extension of the VFS. АП the habitat zones are the spatial 
segments of the Khadar environment. 


The output of the habitat System is the variable aggregate of 
the habitat zones. These aggregates are called the Khadar series 
[Figure 7.1(C)]. The Khadar habitat that includes each of the 
landform zone with a single valley flat forms the medium series. 
The habitat where valley flat is extended into lower, central and 
Upper parts, marked by the features of the abandoned channel, 


forms the extended series. The missing of a valley flat results in 
the truncated series. 


1. Based on Lucas, J.R. 1984. Space, Time and Caus, lity, A in Natural 
Philosophy. Clarendon Press, Oxford. РОТЕ 
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Each of these series has the additional attribute of the locational 
niches for man, M with respect to the habitat zones [Figure 7.1(В)]. 
Man is invariably located in the Bangar edge but a medium series 
has the additional location in the zone of the single valley flat. 
"The valley flat of the extended series has more than one set of the 
locational niches for man. The valley flat is either missing or too 
narrow to provide the location of man in the truncated series. The 
locational niche of a man may be located far away from the K-field 
in the Bangar resulting in the superimposed series of the habitat 


'system. 


Each of the series and the included locational niches have their 
own attribute of inundation. The moderate series has a moderate 
extent of inundation prone niches while the extended series has 
more of them extended over different valley flats. The truncated 
-series lack the inundation prone niches as K-field is truncated but 
has high potential for converting the area under the BES to the 
VFS. The superimposed series has extensive inundation free niches. 
In addition to these, dominance of the biotic processes can modify 
the K-field to the extent that either the characteristic zones are 
missing or are present where they are not expected in the natural 
run of the system. The habitat system with such an output forms 


the modified series. 

The locational niche is one of the given parameters of the 
biotic system (Chapter 3, Figure 3.1) focused on the plants and 
the accompanying animals. These niches are classified as ill, 
excessively or moderately drained located within the K-field relative 
to the dispersal of plants and animals. The period of inundation 
over the ill-drained niches is longer than the inundation free, 
period. The inundating water may be stagnating or moving form- 
ing the areas of water logging or water flow. The excessively 
drained niches are drained only when over-run by a sheet of water 
moving down the slopes but are otherwise inundation free. The 
moderately drained niches are inundated for a period less than the 
period free of inundation. Other inputs of the biomass system are 
the matter as plants and animals and the biochemical energy 


required for the growth cycle of the organisms. 


The biotic system is composed of the biomass communities, 
i.e., the plant associations and the related animals. A plant associa- 
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tion is a set of the interdependent plants sharing a given common 
territory. The plants with their restricted mobility show greater 
Tesponse to the variations in the locational niches than the animals 
with their greater mobility. The mobility enables the animals to be 
a part of the environment larger than contained in K-field. 
However, the adjustment of plants to the variations of the 
locational niches may cause enough environmental changes to bring 
about changes in the related animals. Thus, the biotic system 


may be considered as to be composed of a single variable of the 
plant associations. 


The plant associations operate through the mechanism of 
distribution, chiefly dispersal related to the locational niches. 
Herbacious plants, viz., grasses, dominate every-where as these 
alone can occupy the ill-drained niches and the other niches can 
initially be occupied by them before plants of other life form 
Occupy the niche. The plant associations keep changing with the 


changing characteristics of the locational niches (which in turn 
change with the dynamics of the habitat system) by succeeding the 
others through the allogenic plant 


Succession in the VFS and the: 
autogenic succession in the BES. 


The natural plant succession can be interrupted by the 
geomorphic or biotic processes, The geomorphic processes change 
the external environment and the succession can begin through a 
different stage. The biotic processes, namely man, terminate a 
natural plant association, replacing it by the modified plant commu- 
nities, i.e., cultivated plants. These associations change periodically 
as the rabi or winter crop and the kharif or summer crop with the 
intervening zaidi as the additional crop ; or land is left fallow, 


The rabi is dominated by food crops, viz,, cereals, 
be the crop in the VES but only a major crop in the 
is dominated by sugarcane, 
grains in the BES. Non 
kharif over a larger area 


wheat may 
BES. Kharif 
along with rice in the VFS and coarse 
-food crops, viz., fodder is grown during 
under the BES than under the VES. 


The other things being equal, the area under the rabi and 


kharif crops depends on the availability of water, The areas of 
regulated water supply, ie., the irrigated areas, can have some: 
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cultivated crops in all the cropping seasons and show the equality 
of the area under the rabi and kharif croppings. The areas 
dependent on natural water supply, ie., unirrigated land of the 
Khola zone may suffer from the physiological drought during the 
rabi so that the acreage becomes less than that of the kharif. Areas 
under the VFS may be water logged and unable to grow kharif 
reducing its acreage relative to rabi. In the case of the Ganga 
Khadar kharif acreage is less than rabi, occasionally dropping to 
zero in the areas of encroaching meander along the channel in the 
VFS while kharif acreage in the areas under the BES may rise as 
much as three times the rabi acrea ge. 
The modified plant communities compete with the natural 
communities in such a way that they cover about 50 per cent of the 
total village area and over 60 per cent of the total cultivable area in 
a village of the VFS. The size increases in the BES to about 80 per 
cent of the village area and 90 per cent of the total cultivable area. 
This is combined with the fact that the average yields in the VFS 
may be one-tenth of those in the BES. As the VFS is single cropped 
while the BES is more than double cropped the absolute size of the 
modified communities is much larger in the BES, particularly of the 
superimposed series than in the VFS, particularly in areas of the 
encroaching meanders. 
The output of the biomass system is the spatial variation in the 
size of the modified communities directly available for man’s 
The size is measured as the product of the acreage 
under cultivated area, number of crops in а year and the average 
yield per unit area. The size varies with the environmental gradient 
as the three variables combined in the BES are about ten times of 
that in the villages of the VFS. The other things being equal, the 
super-imposed series have the largest size with their high yield, 
multiple cropping and high percentage of cultivated area. The 
modified plant communities have a smaller size in the truncated 
series which have a limited areal extent. The extended series with 
repeated valley flat have the larger cultivated area, therefore, have 
larger size of modified communities than that of the medium series 
with a single valley flat. The modified series have unpredictable 
size of the modified communities as man's intervention may increase 
or decrease the size unrelated to the environment. (Charley and 
Kennedy. 

2, Charley and Kennedy, B. 1971. Physical Geography. A systems Approach. 

Prentice Hall, London. 
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The variable size of the modified plant communities is one 
of the inputs in population system (Chapter 3) focused on the 
‘aggregates of the individuals as population clumps. The modified 
‘communities have the capacity to support man setting the carrying 
capacity of land. The capacity is standardised as one person per acre’ 
of cultivated land for the Khadar tracts of the district on the basis 
of the prevailing ratios. Man as an individual is the other given 
parameter. The part of the energy is provided by the stimulus of 
man for food and other economic wants so that he can move 
himself from food deficient areas to food surplus areas through 
migration. 


The population clump is the variable of the population system. 
‘A-clump has the attribute of size measured іп one or more 
dimensions and changes its size through growth processes. The 
size measurement іп one dimension provides average of 250 persons 
іп the valley flat of the extended Series, increasing to about 500 
Persons in the flat of the medium series. The average size increases 
abruptly to over 1000 persons in the BES of all the series except in 
the truncated series which have the small size of 370 persons. The 
size сап also be measured with the regional means as the trend 
analysis of the size based on the averages moved over space rather 
than over time (Figure 4.3). An average size distribution and the 


Tegional means correspond to the environmental gradient set by the 
habitat system, 


< A clump size can also be measured in more than one dimen- 

sion as the arithmetic mean expressed as the number of persons 
Per unit area ; or as the fecological density giving the ratio of 
number of persons per unit of cultivated area. In the Khadar 


environment one person tends to have less than one ac 
vated land. 
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villages of a meander encroachment. These are called shelter 
villages. 


A clump size increases with time through the variable growth 
rates. The growth itself is dependent on the sub-systems of natural 
growth and migration factor. Natural growth has parameters of 
sex composition and age structure, apart from many other para- 
meters expressed in tbe life tables. The parameters are such that 
there is an average of seven persons per family in the Khadar tracts 
though the size is much smaller in the VFS and larger in the BES 
particularly in villages with the urban shadow located along the 
highways. Man in the Khadar tracts grows at the average rate 
of about 2 per cent per annum in the stable populations growing at 
a constant rate. However, clumps of many villages are far from 
being stable. A clump can be depopulated or show rapid decline 
where a village is covered by a meander encroachment. Man of 
the depopulated village takes shelter in some Khola village ; or 
occasionally in a village of the central valley flat. This raises the 
clump size and growth rate of the shelter village. The refugee 
population returns to its village with recession of the meander 
creating a new village in the VFS or increasing the growth rate 
much above the average. At the same time clump size and growth 
rate of the shelter village is reduced drastically at the shelter 
village Differential growth rates, spread over different spatial 
segments of a Khadar tract, is the growth spectrum (Figure 7.4) 
which summarises the variable of the clump size in the population 


system. 

The output of the population system is the degree of crowding 
at a clump with respect to the carrying capacity of land. 
Theoretically, a clump can be balanced but more often a clump 
size is over-crowded with size being bigger than that can be 


supported by the carrying capacity ; or it can be undercrowded 
where the size is smaller than that is warranted by the carrying 


capacity. Undercrowding prevails in the VFS, particularly in the 
areas of meander encroachments ; and overcrowding is the case in 
the BES particularly in shelter villages. Despite the fact that the 
ual size of the modified communities is much larger in the BES, 
angar edge do not deviate much from the 
as shelter villages or interact with 


act 
most of the villages of B 


carrying capacity unless they act 
the resources other than the local land. 
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The attribute of crowding is an input in the community 
‘system (Chapter 5) of man focused on the differentiated Popula- 
tions sharing a common territory. Such a grouping of populations 
is a human community, There is some degree of interdependence 
ОЁ some sort among the populations. An energy input needed to 
Organise the interdependence is provided by the stimulus-response 
System of man. The material wants stimulate man to respond by 
way of economic interactions differentiating him as general popu- 
lations of non-workers and workers. The workers themselves 
have a variable internal Structure grouping them into primary or 
basic, invading and link populations. These population groups 
are fundamental links ip the functioning of the community system, 
hence called the functional populations. 


A set of the functional populations is the variable in the 
community system, The pri 
Posed of the cultivators s 
dairy workers, They are 


d of the workers in ‘other services’, in 


port and communication ; and in 
Construction. They maintain the circulation of energy and matter 
needed by all the populations, 


The ihree populations organise themselves with а normative 
distribution ratio fo obtain spatial self-sufficiency at the local or 
village level. The Prevailing te 


chnology is such that in a village 
more than half of the total d 


Populations while the less than half is shared equally by the invad- 
ing and link Populations. Such a ratio preyails in the villages of 
the Bangar. More often, 


where 


the invading and link p hare. The 


deficiency in the size of one popu! 
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spatial self-sufficiency spread over the area of the complementary 
ratios. 


The spatial interaction of the areas is such that there can be 
increase in the size of tbe basic populations displacing the other 
populations forming a truncated community organisation ; or the 
invading or link populations grow to the size that displaces basic 
populations forming the inverted communities. Truncated commu- 
nities are structured largely with the primary population while the 
inverted communities have more than half of the total workers 
composed of the invading or link populations. The inverted 
communities may form the industrial centres with the dominance 
of the invading populations or may be the service centres with the 
dominance of the link populations. Interaction between the trun- 
cated and inverted communities is the community organisation at 


environmental scale. 


The output of the community system varies as the self-suffi- 
cient, truncated or inverted communities at local or village level. 
On the environmental level, community system produces depen- 
dence of man on local resources for a balanced local growth ; or 
interdependence of the truncated and inverted communities for a 


wider environmental growth. 
y system is the input in the settle- 


ed on man’s dwellings and the 
The dwellings cluster as a settle- 


The output of the communit 
ment system (Chapter 3) focus 


interlinking lines of circulation. 
ment, linked through footpaths, cart tracts, unmetalled or metalled 


roads. The energy parameter is provided by the stimulus responses 
system of man that stimulates him to raise shelter-structures for 
himself and for his belongings ; at rest or in motion, along with 
the lines of circulation. As man is the prime source of energy 
running an eco-system the settlement system is not only an environ- 
also the manifestation of energy at rest and in 


mental variable but 
h the output of all the 


motion. As such, the system operates wit 
other environmental variables as the inputs. 


The interlinking of the dwellings and their cluster, by the 
circulation lines is the variable in a settlement system. They act 


o sub-systems of the system, and have their own attri- 


as the tw Bo у 
f the dwellings is the evolution as 


butes. The major attribute o 
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a settlement succession continuously operating in the VFS though 
may occasionally appear in the Khola zone of the BES. The 
Succession begins with the isolated dwelling in avalley flat at the 
locational niche under Possession of a member individual of the 
basic population. This is common where the clump size is con- 
fined to one or two families, though soon there may be member 
of isolated dwellings located within the fields of different farmers. 
The control is provided by the modified plant communities which 


As modified commu- 
5 responding to the 


or link populations 
independent of the land resources. Isolated dwellings cluster as 


hamlets and the control moves to the relative safety against 
inundation. As community organisation Progresses further, 
increasing the size of non-basic populations, hamlets merge to 


form a compact settlement located over the niches with maximum 
safety against inundation. 


The succession follows 
tion. The initia] movemen 
man and his belongings i 
footpaths. As the matter to be circulated i 


1 environment, Roads. 
lend some degree of perma’ irculation System and the 


ies the Physic 
average of 2 per cent of the total village area. However, roads, 
metalled or unmetalled, 5. 


шау also appear (о Connect the truncated 
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and inverted communities. As the inverted communities are loca- 
ted in the urban shadow, roads radiate from these areas in the 
form of an urban shadow. 


The output of the settlement system is the variable degree 
of permanence of man so that he can perpetuate his in- 
teraction with the environmental variables of a Khadar tract. 
Thus, there are sections in a Khadar tract where man is located 
at the similar niches repeated as more than one band of the 
settlements in the VFS as in the extended series. The man may 
raise only a single band of settlements in the VFS forming the 
medium series but may lack settlements in the VFS forming 
truncated series ; or has settlements only in the BES, located far 
away from valley flat, forming the superimposed series. Thus, 
the settlement system corresponds with the environmental gradient. 
However, a settlement may transform the habitat to occupy large 
inundation free area providing them greater and artificial security 
against inundation. The settlement becomes larger but the habitat 
is transformed loosing its Khadar attribute of inundation. This 
happens in the case of an urban settlement, associated with the 
modified series. Thus, the output of the settlement system 
summarises the output of the Khadar eco-system which is ini- 
tially related to the habitat system [Figure 7.1(A)]. 


3. THE CONCLUSIONS: OTHER ASPECTS OF THE 
KHADAR ECO-SYSTEM AS A SYSTEM 


The man interconnects the variables of the environment 
under the response-resultant system, RRS. Each human inter- 
action is the element of response in the system. The resultant of 
one RRS is used as the input of another. A series of RRS may 
operate over the given spatial segment, such asa village. The 
part of the resultant in the series may feedback to the interacting 
man to satisfy his wants as the direct feedback. It is largely 
composed of the interactions which produce items of foods as by 
the primary populations. Some of the resultant in the series of 
response-resultant system must move out to another spatial seg- 
ment within the same environment or in the other environment 
before feeding back to satisfy human wants. 


Це This is the com: 
ponent of indirect feedback in the set of relati 


onships among 


172 Rural Ecology 


the variable of the eco-system. It is largely associated with the 
invading and link populations. Direct feedback is widespread in 
the valley flat sub-system and the indirect feedback dominates the 
BES necessitating some complementary interactions. 


The Khadar eco-system is perceived as centred at the Khadar 
environment interacting with the neighbouring Bangar as the 
marginal environment. The two Share a common social Space of 
the rural environment. This in turn interacts with the social space 
that is external to the environment of the eco-system viz., urban. 


The eco-system has well defined boundaries (Harvey?) for the . 
domain of the Khadar environment. It is confined to the vari- 
ables of habitat, biota, man at population and at community 
levels and his settlements. The variables have the physical 
boundaries coinciding with those of the habitat system (Chapter 
2, Section V). A channel forms the physical boundary on one 
Side[C in Figure 7.1 (B). However, channel is not a habitat of 
man and as such there is no fresh water €co-system of man. The 
Khadar habitat. and the Khadar eco-system prevails on either side 


ofa Channel, one assumed to be mirror image of the other 
(Chapter 1). 


The Bangar provides the physical boundary of the Khadar 
]. On the other hand, however, mobi- 
em of man to extend much beyond 
hysical proximity. The interaction 
tems produces the ecotone of the 
died inthe previous Chapters. The 
eractions may be such as to eliminate 
environmental variables of an eco- 
ies of eco-systems based on habitats 
may merge together without a perceptible ecotone. The bound- 
aries involving man Tequire a demarcation on the basis of the 
differentiated populations of man. These are Perceived as the 
functional boundaries. 


system. Thus, the boundar 


The functiona! boundaries of t 


he Khadar eco-system are 
located where a typical Khadar comm 


Unity changes to some other 
3. Harvey, ibid. 
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community structures. It may be recalled that the Khadar com- 
munities are dominated by the primary or the basic populations 
where their proportionate size is more than 70 per cent of the 
total workers (Chapter 5). The structure changes in the villages. 
of the BES where the basic populations form less than 70 per cent 
of the total workers. Such a difference in the ratio can be used 
to demarcate the rural Khadar and the rural Bangar eco-systems. 
The size of the basic populations drops to zero or less than 50 
per cent of the total workers in the urban areas or the areas of 
urban shadow. This is the demarcating line between the urban 
eco-system and the rural eco-systems, whether Khadar or Bangar. 
Thus, the Khadar eco-system shares its boundaries with the Bangar 
of the common rural environment ; and with an urban eco-system 
from the external environment [Figure 7.1(D)]. 


The eco-system can operate at more than one scale, viz., 
organismic, local and environmental. Organismic scale is the 
lowest, centred on the individual man. Many parameters of the 
eco-system do not exhibit any noticeable response at this level. 
Moreover, an individual can interact only in one way at a time 
so that he displays only partial organisation of the eco-system. 
In the case of the stimulus-response system entire family rather 
than an individual as unit responds to the given parameters mak- 
ing it difficult to differentiate the individual from his family. 
Thus, the eco-system at the organismic scale is not only partial 
but also indistinct. 

The higher than the organismic is the local scale ofthe 
eco-system. It operates at the village as a unit. A village can 
clearly show response to all thergiven parameters of the eco-system, 
The responding individuals are stationed at the built up area of a 
census village but the interactions are assumed to extend over the 
entire village area. A single village can display only one of the 
possible states in which the eco-system or its component variables 
can be. Despite this drawback, local scale of the eco-system offers 
the best scope for studying the mechanism that leads to one of 
the possible states of a system. The variables of the Khadar eco- 
system have been studied at village level throughout the present 
research work to formulate the human ecosystems (Chapman).* 


4. Chapman, С.Р. 1977. Human and Environmental Sy. М ‚ 
Appraisal. Academic Press, London. 8 Systems. AJ Geographer's 
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The environmental scale is of the highest order in the study 
-of the eco-system. It is based on the collection of villages located 
in different spatial segments of the environments, i.e., the villages 
of different habitat zones. Generalisations at this scale are either 
inthe form of summary statistics for the environmental segment 
containing all the habitat zones or may give the trend along the 
environmental gradient. The village level study of human has 
been used throughout to express the average value of the епуігоп- 
ment ina tract as well as along the trend line along the gradient. 
It may be noticed that the environmental scale cannot be derived 
without use of the village level analysis. All the Possible outputs 
of the eco-system and the values of its environmental variables are 
displayed at this level. Тһе Khadar series and the environmental 
gradient itself is based on the study at this scale. 


The natural Khadar eco-system is а homaeostatic type system, 
Such systems resist any alteration in the environmental conditions 
and exhibit a gradual return to equilibrium or steady state be- 
haviour after such an alteration (Walmsley). The steady state 
in the Khadar eco-system represented by the medium Series 
has a moderate extent of physical space of human interactions. 
The extended series is gradually reduced by a meander sweep 
tending it towards the medium series while the truncated series 
is built up by adding a wider valley flat tending it towards the 
medium series. Such a homaeostatic System contains a negative 
feedback mechanism to enable them to return to the equilibrium 
or steady state. Therefore, larger the original disturbance, as 
under the truncated or the extended series, larger is the force 
exerted in returning the system to the Steady state. However, 
the Khadar eco-system of man is an adaptive system as there exist 
for each possible input a set of опе ог more preferred states, or 
preferred outputs. The preferred state for the Khadar eco-system 
is to keep inundation toa minimum by raising embankments, 
diverting channels or by any other method. 


The Khadar eco-system can be in different s 
[Figure 7.1(C)]. A state represents the degree 
among the variables based on the energy flow 


It is assumed that size of the energy circulation 


tates as the output 
of interdependence 
in the eco-system. 
is adjusted to the 
5. Walmsley, op. cit. 


a 
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The requirement itself is dependent on the 


energy requirement. 
The variations would be 


spatial variations among the variables. 
maximum in a series which contains all the possible habitat zones 
or locational niches favouring or inhibiting man's dispersal. This 
is the case of the extended series containing a valley flat with the 
double band of the energy at rest [M in Figure 7A(B). A single 
band forms the medium series while the absence of it forms the 


truncated Khadar series. Thus, the output of the Khadar eco- 
‘system corresponds with that of the settlement system. 


The output can be graded along the environmental gradient 
with medium series in the middle; extended at the higher level 
and truncated series at the lower level. The gradient corresponds 
with the potential of inundation, therefore, the spatial segments 
under the series can be further graded accordingly. The environ- 


mental gradient is lowest at the Bangar edge where the eco-system 
The gtadient rises at the 


has the most obscure functioning. 

central valley flat, e.g., at the middle terrace of the Ganga to the 
trough zone, keeping the upward trend at the valley flat with 
receding meanders. It is the highest at the valley flat along the 
Channel where a meander loop is encroaching. It may be noticed 
that the spatial sequence of the zones is rearranged for the 
gradient, The central valley flat forms the exception in the 
Spatial sequence used in the preceding chapters. 


The superimposed series of the Khadar environment is the 
ecotone of the Khadar eco-system. It represents the transition 
between the two eco-systems located over two different habitats 
though the social space remains unchanged. It is the transition 
between the rural Khadar and the rual Bangar environments. It 
May also act as the ecotone between the segments under two 
Social spaces, viz., urban and rural. Villages of the superimposed 
Series located at the Bangar urban fringe and along the circulation 
lines between the urban and the rural areas, would represent the 


ecotone in social space as the urban shadow. 


The actions of man beyond a certain limit acts as the distur- 
bance in the normal Khadar eco-system of man. It can lead to 
Modification of the Khadar eco-system as the modified Khadar 
Series of the environment. The eco-system is said to be modified 
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either where it occupies the physical space between C and B fields 
[Figure 7.1(B)], but Jacks the characteristic attributes of the Khadar 
habitat; or where the attributes of the Khadar habitat are present 
without the bounding physical space of C and B fields. In either 
case, the functioning of some variables is missing or is over 
represented. In the former case the modification leads to sub- 
Khadar eco-system and in the latter case it results in pseudo-Khadar 
eco-system. Тһе sub-Khadar operates where man has blocked or 
_ diverted the channel flow, e.g., along the railway line crossing the 
Ganga near Garhmukteshwar or along the highway between 
Mawana and Bijnore towns crossing the northern Ganga Khadar. 
The habitat may be so modified as to eliminate the functioning 
of the eco-system as in the tract South of Ghaziabad town along 
the Hindon. The psuedo-Khadar results from inundation or 
waterlogging directly unrelated to the channel flow. It can be 
located in any Jow lying area with poor drainage, such as the one 
underlain by clay pan, e.g., in southern Ghaziabad, between Delhi 
and Ghaziabad towns. 


4. THE EPILOGUE 


The human ecology of the Khadar tracts of Meerut district 
provides scant information about the unique case of the three 
Khadar tracts located in the erstwhile district of Meerut. It lacks 
factual details as the Khadar tracts are treated as the samples of 
the Khadar environment in general. This makes it possible to 
draw generalisations based on logic and matched with empirical 
findings. This has enabled generalisations to be presented ina 
theory form, even though lacking the refinement of a calculus. 
All the definitions are not rigorously structured with the primitive 


terms, however, rigorous definitions have been used where 


they were essential for the clarity of the concept incorporating 
them. 


The present work has been a research in methodology rather 
than the presentation of factual details. The methodology used 
draws inspiration from Hawley and MacKenzie who have done 
the pioneer work in human ecology and from Odum's work 
Showing concentrated effort in methodology and techniques 
employed in the study of an €co-system. 


It deviates from the 
6. Inspired by Stoddard D.R. 1972. ‘Geograph 


y and Geological approach’ : 
in Davis, W.K D. (Ед?) The Conceptual Geological Revolution i hive 
Rowman and Littlefield, pp. 301-311. gical Revolution in Geography 
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common line by overstepping structure-function diachotomy or 
synthesis. The methodology adopted follows Margalef who 
treats an eco-system as a system requiring systems analysis. 
It omits any reference of structure and function of the eco-system 
but requires the study of variables and their relationships which. 
function together as a system on some chosen scale. 


The methodological work remains incomplete without the 
mathematical presentation of the theoretical structure. Becausé 
of this the level of information gained’ has not been measured. 
The present work concentrates on establishing the methodological 
framework for the study of human eco-system, it is hoped that the 
future study can give the mathematical structures leading to sui- 
table modifications of the generalisations presented here. 


It may be noticed that the methodology used in the present 
case uses ergodic hypothesis based on space-time transformations 
as the technique of ecological succession common in the ecological : 
studies. The stages in a process are resurrected hypothetically by 
logically linking one spatial situation to another located in the 
same time space. The technique has been used to study the 
evolution of the Khadar Jandform in the Khadar tracts, the 
Process of migration to and from the shelter villages, the evolution. 
of the community structures; and of the settlement structure, 
apart from the usual study of the ecological succession of the 
plant associations. The technique has helped in evolving the 
urban shadow as a distinct spatial force. 


Throughout the study there has been emphasis on the spatial 
attributes of ecology. Space-time transformation itself is based: 
on the spatial attributes used for projecting the future trends, 
expressed as the spatial trend line (Chapter 3). Incorporation 
of the spatial attributes brings out the facts that the study of 
ecology is a branch of geography that studies the spatial organisa- 
tions. The ecological approach is a synthesis of the traditional 


branches of geography. 


One of the variables of the synthesis on the present study is 
the habitat system. It can be interpreted as a study in environmen- 
talism if the word environment is taken in the restricted meaning 


7. In the form of entropy. 
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of terrain or landform. Undoubtedly any ecological study is a 
study of relationships between man and environment, therefore, a 
study in environmentalism. Environment is defined in ecology 
as a set of the chosen variables. In the present study, one of the 
chosen variables of the environment happens to be the habitat 
system but it need not essentially be a variable in all the eco- 
systems involving man. It is hoped that the study of any human 


eco-systems located over other locational framework can be guided 
by the present study : 


Man, like the habitat, is another chosen environmental уагїа- 
ble to evolve a natural eco-system of man. He is as much an 
integral part of the eco-system as plants in a plant eco-system. The 
integration is expressed in a medium series, The natural balance 
is disturbed by overactions of man. Frequently known as the 
environmetal degradation the imbalance in thisthesis has been 
expressed as a modified series. It is hoped that the demarcation 
line can be used for a future planning for the best results. 


APPENDIX A 


Appendices 


Table 1.1. Village Code Numbers and Names 


Code No. Name Code No. Name 
R. Ganga, © G—021 Parsapur/ 
анда Hansapur 
G—022 Ropra 
G—001 Bela G—023 Bamnaula 
G—002 Bhuwa G—024 Bamnauli 
G—003 Bhagupur 69—025  Rithaura Khurd 
G—004 Fatehpur Prem G—-026 баташі 
G—005 Мапрш G—027 Мар! Khadar 
G—006 Сһатгой G—028 Mahmoodpur 
G—007 Sujjatpur Sikera 
G—008 Tarapur G—029 Birkhera 
G—009 Fazalpur G—030 Hastinapur 
G—010 Saifpur Kauravan 
Firozmohanpur G—031 Hastinapur 
G—011 Sarai Khadar Pandwan 
G—012 Jalalpur Raunakali G—032 Daulatpur/Malipur 
G-—013 Jamalpur Meghraj G—033 Aidalpur 
G—014 Mohammadpur G—034 Kankar Khera 
Kheri G—035 Kishanpur 
G—415 Shahpur Sultanpur Khadar 
/С-016 Кипһега G—036 Gokalpur 
G—017 Rithaura Kalan G—037 Bahbalpur 
' G—018 Dabkheri G—038 Surjeypur 
G—019 Haripur G—039 Lalpur 
G=020) »/Sherpur G—040  Hadipur Gaonri 
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Table 1.1 (Contd.) 
Code No. Name Code No. Name 
G—041 Jamalpur Khadar G—075 Gudha . 
G—042 Manoharpur G—076 Мар! Gosain 
G—043 Shahpur Khadar G—077 Hadupura 
G—044 Budhwi G—078 Mirzapur 
9—04  Bhikund/ G—079 Akbarpur Khadar 
Rustampur G— 080 Aidalpur 
G—046 Latifpur G—081 Agwanpur 
G—047 Тһагака G—082 Neemka 
G—048 Pathanpura G—083 Muzzafarpur 
69—049 Jalalpur Khunti 
Maqbolpur G—084 Baghpur 
G—050 Paharpur Qutub G—085 Mirpur Sadho 
G—051 _ Khirjapur Nagla 
G—052 Budhwa G—086 . Kharkali 
G— 053 Kheri Kalan G—087 Khanpur Garhi 
'G—054 Kheri Khurd G—088 Tarbiatpur 
69—055  Dudhli Khadar Shumali 
G—056 Seemla G—089 Mahmudabad 
G—057 Gajupura G—090 Narangpur 
G—058 Saifpur/ G—091 Asifabad 
Karamchandpur G—092 Shamshpur 
G—059 Ікуага G—093 Shahbad Garhi 
G—060 Bástura Narang G—094 Sultanpur Dabal . 
G—061 Paharpur Ram G—095  Tarbiatpur Janubi 
G—062  Makhdoompur G—096 ^ Gesupur Shumali 
G—063 Bazampur G—097 Gesupur Janubi 
G—064 Mamipur G—098 Kiritpur 
G—065 Khore Ahir G—099 Badshahpur 
G—066 Khore Rai G—100 Saidullapur 
G—067 Dayalpur G—101 Ibrahimpur 
G—068 Alipur Morna G—102 Shahipur 
G - 069 Kishoripur G—103 Sikandarpur 
G—070 Dupedi Chao G—104 Bhagwanpur 
G—071 Jalalpur Zora hadar, 
G—072 Akbarpur Garhi G—105 Firozpur 
G—073 Akbarpur G—106 Khanwala 
Ichhabad G—107 Saloo Rasulpur 
G—074 Humayunpur Panah 


(Contd.) 
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Table 1.1 (Contd.) 
Code No Name Code No. Name 
G—108 Asilpur G—137 Bagarpur 
G—109 Alipur Sarangpur G—138 Sikandarpur 
G—110 Aksaripur G—139 Mohiuddinpur 
G—111 Chandpur Cd 
G—112 X Bhagupur G—140 A ыы 
G—113 Mishripur G—141 Palwara 
Hapur G—142 Mohammadpur 
G—114 Kutubpur G—143 Salahabad 
G—115 Квһапрш/ G—144 Раѕуага 
Makhanpur G—145 Alamnagar 
G—116 Jamalpur G—146 Nawada 
G—117 Saidpur G—147 Pooth 
G—118 Jharina G—148 Kant/Shakartila 
G—119 Mokimpur G—149 Kirawali 
G—120 Alam pur/ G—150 Reharwa 
Parshadipur R. Yamuna, Y 
G—121 Alampur] Baghpat 
Bhagwantpur Y—001 Tanda 
G—122  Aldadpur/Kolpur Y—002 Nangal 
G—123 Kalyanpur Y—003 Kuri 
G—124 Inayatpur Y—004 Chhaprauli T.A. 
Nayagaon Ү—005 Chhaprauli Rural 
G—125  Rawasan/Sheogarh ү. 006 Badarkha 
G—126 oe Ү—007 Kakor 
G— Shahpur = 
E. | a 
'G—128 Abdullapur Y—010 Kotaka 
Ga 58р Y—011 Akbarpur Thask 
G—130 Ватрш/ TE TTRI 
Niamatipur Ү--012 Kheri Padhan 
G—131 Latira 013 Luhari 
G—132 Gadawali Y—014 Rajpur Khanpur 
G—133 Garh Rural Ү—015 Khera Islampur 
G—134 Allahabaxpur Y—016 Sultanpur Hatana 
G—135 Bhakhtawarpur/ Ү--017  Faizpur Ninana 
Nayabans Y—018 Faizullapur 
G—136 Bridge Ghat Y—019 Nethla 


(Сота) 
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Table 1.1. (Contd.) 
Code No. Name Code No. Name 
Y—020 Согриг Y—049 Dharoti Khurd 
Y—021 Niwara Y—050 Behta Hajipur 
Y—022 Sisana R. Hindon, H 
Y—023 Квһапдмагі H—001 Kalina (М) 
Y—024 Baghpat Rural H—002 Kheri Kalina (M) 
Y—025 Pali H—003 Hasanpur Razapur 
Y—026 Katha ( 
Y—027 Nagla Bahlolpur H—004 Galetha (5)? 
Y—028 Mavi Kalan Н--005 Kathwari (М) 
Ү--029 Sankrod H—006 Jataula (M) 
Y—030 Fakarpur Viran H— 007 Zanuddin 
Y—031 Qutubpur Viran . Chirchita (S) 
Y—032 Mirpur Khalsa H—008 Kanoni (M) 
Y—033 Noorpur Muzabita H—009 Rasulpur Zahid 
Y—034 Abdullapur (M) 
Y—035 Subhanpur H—010 Mavi Kalan (S) 
Ghaziabad н—011 Uksia (М) 
Y—036 Alipur Songerpur H—012 Kalyanpur (М) 
Y—037 Nauraspur H—013 Mavi Khurd (B)* 
Y—038 Mirpur Hindu Н-04 — Alamgirpur (M) 
Y—039  Pachhaira Н-015 — Ukleena (M) 
Y—040 Badarpur H—016 Рша (В) 
Y—041 Нагатрш Н-017 Веһгатриг Khas 
Ү—042.: Latifullapur ea 
Nawada H—018 Behrampur Morna 
Y—043 Khanpur Zabti di 
Y—044 . Hagiqatpur :H—019 Нагјакһега (B) 
Khudabans H—020 Mohommadpur 
Y—045 Паісһірџг Dhumi (M) 
Y—046 Тош H—021 | Rawa (М) 
Y—047 Saidullabad H-—022 Dilaura (M) 
Y—048 — Ahmadnagar H—003 Amirpur Baleni 
Nawada B 
(Contd.) 


1. M,Meerut. 
2. S,Sardhana 
3. В. Baghpat 


4. G, Ghaziabad 
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Table 1.1 (Contd.) 
Code No. Name Code No. Name 
Н-024 Bakarpur Baleni H— 050 Reore Rewra (G) 
H—051 Hussainpur (G) 
Н--025 Habibpur Nagla H—052 Sultanpur 
(B) . Chhajjupur (б) 
H—026 Mirpur Љагка (M) Н—053 _ Manoli (G) 
H—027  Sikri (М) H—054  Bhadoli(G) 
H-—028 a Fatehpur H—055 ваа Salempur 
(G 
H—029  Daulcha (В) H—056 Bahadurpur (б) 
H—030 Ghatauli (В) H—057 Muthreypur (G) 
H—031 Мааш (G)' H—058 Ahmadnagar 
H—032 Моһаттайриг Nayabans (G) 
Атай Baghpat (G) ^ qi oso ^ Afzalnagar Siti 
H—033  Mukari (B) (G) 
H—034  Harsiya (B) H—060 Mahmudpur (G) 
H—035 Kuntera (G) H—061 Champatnagar (G) 
H—036 Chamrawal (В) Н-062  Shamshpur (G) 
H—037 Laliyana (B) H-—063 - Nagla 
H—038 Alapur (G) Firozmohanpur 
H—039 Surana (G) (G) 
H— 040 Shabanpur Baroli H—064 Bhanera (G) 
(B) f і Н--065 Asalatpur 
H—041 Sothari (G) Faruknagar (б) 
H—042 Саша (В) H—066 Ааш (G) 
H—043 Singoli Taga (B) H—067 Morti (G) 
К Такай — i oé8 Meola Agri (G) 
H—045 Sharafabad (B) ` H— 069 Arthala (G) 
Н-046 Nekpur Sabitnagar Н--070 Kaila (С) 
(G) H—071 Mohiuddinpur 
.H—047 Віћап= (б) Kinauni (G) 
H—048 Puranpur Nawada H—072 Сһһајагѕі (G) 
(B) н—073 Mirzapur (С) 
н—049 Garhi Kalanjari H—074 Akbarpur- 
(B) Behrampur (G) 


(Contd) 
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APPENDIX B 
Table 3.1 : Area under Forest as Per Cent of Total Area, 1971 


ASI. No. Code No. Village* Area 
1 2 3 4 
A. Bangar Edge-Khola Zone 
Extended Series 
1 G—075 Gudha (R) 14.94 
2 G—074 Humayunpur (R) 10.13 
3 G—073 Akbarpur-Ichhabad (R) 12.19 
4 G—072 Akbarpur Garhi 6 06 
5 G— 068 Alipur Morna (R) 4 1 12.89 
6. G—067 Dayalpur (R) х 17.35 
TE G—065 Khore Ahir 36.86 
8. G—066 Khore Rai 15.52 
9. G—029 Bir Khera 22.78 
10. G—028 Mohd. pur Sikera 42.17 
11 G—014 Mohd. Kheri 28.48 
12. G—012 Jalalpur Raunkali 47.81 
13. G—030 Hastinapur Kaurawan (R) 0.20 
Medium Series 
14. G—138 Sikandarpur (R) 0.14 
15. G--139 Chitaura 1.83 
16, G—117 Saidpur 3.31 
B. Trough Zone-Valley Flat 
Extended Series 
1 G—011 Sarai Khadar 2.35 
2. G—056 Seemla 35.39 
3; G—060 Bastura-Narang 1.22 
C. Valley Flat Along Channel 
Extended Series 
l. G—063 Bazampur 9.30 
2. G—-071 Jalalpur Zora (R) ОЗО, 
3. G—077 Hadupura 22.93 
4, С--086 Khar Kali 59.59 
Ө, G- 087 Khanpur Garhi 27.23 
6 | G—104 Bhagwanpur-Khadar 28.46 
7. G—121 Alampur-Bhagwantpur 7.63 


Not present in other villages 
(В) Pucca Road À 
Bred on Village and Town Directory, District Meerut, Census of India, 
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Table 3.3: Area under Kharif as Per Cent of the Area under 
Rabi—for Selected Villages, 1975* 


Sl No. Code No. Village Per Cent 
1 57,2 3 4 


NER eee % 


A. Bangar Edge 
1. | G— 010 Saifpur Firozmohanpur 2.46 
2: G—014 Mohammadpur Kheri 2.49 
3. G—073 Akbarpur Ichhabad 2.49 
4, G— 081 Agwanpur 1.74 
5 G—075 Gudha 2.49 
6. G— 074 Humayupur 2.07 
B. Khola Zone 
7 G—029 Birkhera 3.37 
G— 101 Ibrahimpur | 6.70 
G—082 Nimka | 2.39 
C. Trough Zone 
10. G—084 Baghpur 2.45 
І ; ca Daulatpurj Malipur 3.20 
А — amalpur/M 
13. G—056 Seams ^ ERE 027% 
D. Central Valley Flat 
14, G—016 Kunhera 0 
94 
15 С- 034 Kankarkhera — . 0.83 
| G—035 Kishanpur Khadar 0.55 
i G— 046 Latifpur 1.83 
: G—017 Rithaura Kalan 0.66 
19. G—008 Tarapur 2.37 
20, G—023 Bamnaula 1.01 
21; G—024 Bamnauli 0.93 
E. Valley Flat, Recedin £ Meander 
22 G—077 Hadupura 0.49 
or G—071 Jalalpur Zora 1751 
25 que Kishoripur 1.21 
25 ж amipur 1.48 
: G— 085 Mirpur Sadhonagla 1.04 
F, Valley Flat, Encroaching Meander | 
27. G—001 Bel 
28. G— 002 BE ns 
29. G—044 Bhadwi a 
30. G—052 Bhadwa uot 
31. G— 041 Hadi ег 


Pur Gaonrj 
82) G—078 Mirzapur d 005 
*Based on the Revenue Records, Tehsil headquarters, 
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190 Rural Ecology 


ble 4.2: Poisson Probability Distribution of Proportionate 
М Clump Size, Valley Flat*, Ganga Khadar Tract, 
1971+ 


Total Population =100 per eent 
Number of Observation= 81 


п=1.23 per cent 


SI. Proportionate Class Interval Poisson Expected Observed 
No. Size in Per in Persons Probability Number of Number of 
Cent Villages Villages 


I 2 3 4 5 6 
1, Zero Zero .3592 29.0 21 
2; 1.0 1—194 .3239 26.0 33 
3. 1.01—2.0 195—388 2209. 16.25 13 
4. 2.01—3.0 389—582 .0905 7.0 6 
5. 3.01.40 | 583—776 .0356 2.89 4 
6. 4.01—5.0 777—970 .0056 0.68 1 
7. 5.01-60 , 971—1164 Zero Zero 3 


* Size too large for Poisson distribution elsewhere. 
+ Based on Town and Village Directory, District Meerut, 1971. 
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Table 4.3: Regional Means for Selected Areas of the Ganga Khadar 


Tract, 1971 
SI. Code Regi i 
- gional Distance 
No. Village | No. meanin from 
persons nearest 
town 
1 2 3 4 S 


A. Extended Series 
6) Bangar edge 


1. Mahmoodpur Sikera G—028 619 6 
2. Jalalpur/Raunakali G—012 493 8 
3. Gajupura G—057 485 3 
4. Ikwara G—059 442 7 
5. Asifabad 69—091 596 24 
6. Shamshpur 69—092 470 22 
7. Gesupur Shumali G—096. 699 14 
8. Gesupur Janubi G-097 559 14 
9. Saloo Rasulpur Panah G—107 351 13 
10. Asilpur G—108 460 11 
Ауегаре 517 persons 

(ii) Valley Flat 
1. Sherpur G—020 249 11 
2. Parsapur/Hansapur G—021 225 10 
3. Rithaura Kalan G—017 168 8 
4. Kunhera 06—016 354 8 
5. Rithaura Khurd G—025 254 8 
| 6. Shahpur/Sultanpur G—015 234 6 
7. Shirjeypur G—038 288 13 


251 persons 


| ee у ee 
(Contd.) 
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Table 4.3 (Contd.) 
SI Code Regional y 
. қ іп тот 
NG: di n Pun . mearest 
town 

1 2 3 4 3 
B. Medium Series 

(i) Bangar Edge 

1. Alipur Morno G—068 984 7 

2. Akbarpur Garhi G—072 1054 9 

3. Humayunpur G—074 774 8 

4. Gudha G—075 692 9 

5. Nagla Gosain G—076 1219 13 

6. Agwanpur G—081 652 22 

7. Nimka G—082 1447 22 

8. Baghpur G—084 929 18 

9. Khore Ahir G—065 260 8 

Average“ 890 persons 

1 2 3 4 5 

(ii) Valley Flat 

1. Mamipur G—064 397 11 

2. Kishoripur G—069 735 11 

3. Jalalpur Zora G—071 870 13 

4. Hadupura G—077 124 16 

5. Mirzapur G—078 1136 18 

6. Akbarpur Khadar G—079 1173 16 

7. Aidalpur G—080 1467 14 

8. Alampur/Bhagwantpur G—121 257 8 

9. Inayatpur/Nayagaon G—124 346 6 


723 persons 
EET MM D PROSPER 44 
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Table 4.4: Uninhabited Villages and Habitat Zones 


193. 


51. Мо. Мате Code No. Habitat Zone 
1 2 3. 4 
l. Dayalpur G—067 Khola Zone 
2. Khore Ahir G—065 Khola Zone 
3. Bir Khera G—029 Khola Zone 
4. Jamalpur/Meghraj G—013 Khola Zone 
5. Bhuwa G—002 Channel 
6. Bhagopur G—003 Channel 
27. Dabkheri G—018 Central Valley 
Flat 
8. Ватпаша | G—023 Central Valley 
у < Flat 
9. Shahpur/Sultanpur G—015 Trough Zone 
10. Pathanpura G—048 Central Valley 
Flat P 
11. Khirjapur G—051 Central Valley 
Flat 
12. Paharpur Qutub G—050 ed Valley 
at 
13. Gokalpur G— 036 Central Valley 
Flat 
14. Babhalpur G— 037 Central Valley 
Flat 
15. Jalalpur Khadar G—041 Trough Zone 
16. Shahpur Khadar G—043 Trough Zone 
17. Kheri Khurd G—054 Channel 
18. Seemla G—056 Trough Zone 
19. Paharpur Ram G—061 Trough Zone 
20. Makhdumpur G—062 Channel 
21. Dapedi Chao | G—070 Channel 
22. Akbarpur Khadar G—079 Channel 
23. Badshahpur G—099 Khola Zone 
24. Ibrahimpur G—101 Khola Zone 
25. Khanwala G—106 Khola Zone 
26. Firozpur G—105 Trough Zone 


(Contd.) 
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Table 4.4 (Contd.) 
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1 2 3 4 

27. Sikandarpur G—103 Trough Zone 
28. Bhagwanpur Khadar G—104 Channel 

29, Chandpur G—111 Trough Zone 
30. Bhogpur G—112 Channel 

31. Jamalpur G—116 Khola 

32. Jharina G—118 Trough Zone 
33. Mokimpur G—119 Khola 

34. Akbarpur Thaska Y—011 Khola 

35. Khandwari Y—023 Bangar Edge 
36. Qutubpur Viran Y—031 “Bangar Edge 
37. Fakarpur Viran Y—030 Bangar Edge 
38.. Haqiqatpur/Khudabans Y—044 Trough Zone 
39. Sikri Н-027 


Bangar Edge 
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